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CHAPTER 1.  GENERAL INTRODUCTION 
Forest ecosystems provide many important services.  Forests aid in 
stabilizing soil and water, act as large carbon warehouses, afford abundant and 
diverse wildlife habitat, offer food, fuel, building materials, and recreational and 
spiritual opportunities that directly benefit human societies.  The many important 
services provided by forests are the result of natural processes that maintain a rich 
array of structural and compositional complexity within and among forest stands.  
More than 20 years ago, simplification of stand structure and composition in 
managed forests from an over-focused, traditional emphasis on timber production 
was met with a plea to incorporate—as opposed to ignore or suppress—features 
necessary to perpetuate complex forest ecosystems (Franklin 1989).  Since that 
time ecological forestry has gained interest as a more-balanced approach to meeting 
objectives beyond timber production, including biodiversity enhancement, fuel 
reduction, disease control, and improved aesthetics (Franklin et al. 1997, Seymour 
and Hunter 1999, Palik and Zasada 2003, Halpern et al. 2012).  An important 
example of this improved balance between production and complexity is the shift 
away from focusing on what is harvested to what is left behind (Franklin et al. 1997).  
Overstory retention, a key approach for ecological forestry, has increasingly been 
implemented in an array of managed forest ecosystems worldwide (Gustafsson et al. 
2012). 
Despite literature on the response of biodiversity, and birds in particular, to 
overstory retention (Lance and Phinney 2001, Harrison et al. 2005, Schieck and 
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Song 2006, Preston and Harestad 2007), few experimental studies currently exist 
(Schulte et al. 2006).  While scientists recognize that birds respond to structural 
complexity in forest systems (MacArthur and MacArthur 1961, Willson 1974, Schulte 
and Niemi 1998, Whelan 2001), maintaining biodiversity in managed forests requires 
a more comprehensive understanding of the response of wildlife to structural 
features that are implementable forestry practices (Atwell et al. 2008).  This study 
evaluates bird response to the spatial pattern of timber remaining following a 
harvest.  Although several experimental studies evaluating overstory retention have 
been conducted (Monserud 2002, Palik et al. 2003, Halpern 2012), I am unaware of 
literature documenting the response of the avian community to spatial patterns of 
overstory retention (with the exception of Atwell et al. [2008]).  Specifically, this 
research examines the response of forest birds to three spatially-different overstory 
retention patterns (i.e. retention level is constant between treatments), and provides 
important information on specific avian responses to structurally-implementable 
management practices. 
THESIS ORGANIZATION 
 This thesis is composed of two papers written for publication in scientific 
journals.  This chapter (chapter 1) contains a general introduction of my thesis 
research.  Chapter 2 evaluates the ten-year trend in response of the forest bird 
community to spatially-distinct overstory retention patterns, including guild and 
individual species response, and the use of harvest-created gaps and gap edges.  
Chapter 2 also evaluates the response of vegetation structure and the relationship 
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between this response and bird abundance.  Chapter 3 compares the response of 
the avian community to prescribed fire or mechanical understory removal following 
harvesting.  Chapter 4 contains general results from my research.  Data acquisition 
(years 2011 and 2012), statistical analysis, and the preparation of text were the 
responsibility of the candidate; Dr. Lisa Schulte Moore provided guidance and 
editorial advice.    
LITERATURE CITED 
Atwell, R.C., Schulte, L.A., Palik, B.J., 2008.  Songbird response to experimental 
retention harvesting in red pine (Pinus resinosa) forests.  Forest Ecology and 
Management 255:3621-3631. 
Franklin, J.F., 1989.  Toward a new forestry.  American Forests 11/12:37-44. 
Franklin, J.F., Berg, D.R., Thornburgh, D.A., Tappeiner, J.C., 1997.  Alternative 
silvicultural approaches to timber harvesting: variable retention harvest 
systems.  In: Kohm, K.A., Franklin, J.F. (Eds.), Creating a forestry for the 21st 
Century.  Island Press, Washington DC, USA, pp. 111-139. 
Gustafsson, L., Baker, S.C., Bauhus, J., Beese, W.J., Brodie, A., Kouki, J., 
Lindenmayer, D.B., Lôhmus, A., Pastur, G.M., Messier, C., Neyland, M., 
Palik, B., Sverdrup-Thygeson, A., Volney, W.J.A., Wayne, A., Franklin, J., 
2012.  Retention forestry to maintain multifunctional forests: a world 
perspective.  Bioscience 62:633-645. 
4 
 
Halpern, C.B., Halaj, J., Evans, S.A., Dovčiak, M., 2012.  Level and pattern of 
overstory retention interact to shape long-term responses of understories to 
timber harvest.  Ecological Applications 22:2049-2064. 
Harrison, R.B., Schmiegelow, K.A., Naidoo, R., 2005.  Stand-level response of 
breeding forest songbirds to multiple levels of partial-cut harvest in four boreal 
forest types.  Canada Journal of Forest Research 35:1553-1567. 
Lance, A.N., Phinney, M., 2001.  Bird response to partial retention timber harvesting 
in central interior British Columbia.  Forest Ecology and Management 
142:267-280.  
MacArthur, R.H., MacArthur, J.W., 1961.  On bird species diversity.  Ecology 42:594-
598. 
Monserud, R.A., 2002.  Large-scale management experiments in the moist maritime 
forests of the Pacific Northwest.  Landscape and Urban Planning 59:159-180. 
Palik, B.J., Zasada, J.C., 2003.  An ecological context for regenerating multi-cohort, 
mixed-species red pine forests.  Research Note NC-382.  USDA Forest 
Service North Central Research Station, St. Paul, MN. 
Palik, B.J., Zasada, J.C., Kern, C.C., 2003b.  Restoring stand complexity in 
managed red pine (Pinus resinosa) ecosystems using overstory retention and 
understory control: establishment report and study plan.  Northern Great 
Lakes Silviculture Research Work Unit, USDA Forest Service North Central 
Research Station, Grand Rapids, MN. 
5 
 
Preston, M.I., Harestad, A.S., 2007.  Community and species responses by birds to 
group retention in a costal temperate forest on Vancouver Island, British 
Coloumbia.  Forest Ecology and Management 243:156-167. 
Schieck, J., Song, S.J., 2006.  Changes in bird communities throughout succession 
following fire and harvest in boreal forests of western North America: literature 
review and meta-analyses.  Canada Journal of Forest Research 36:1299-
1318. 
Schulte, L.A., Niemi, G.J., 1998.  Bird communities of early successional burned and 
logged forest.  Journal of Wildlife Management 62:1418-1429. 
Schulte, L.A., Mitchesll, R.J., Hunter Jr., M.L., Franklin, J.F., McIntyre, R.K., Palik, 
B.J., 2006.  Evaluating the conceptual tools for forest biodiversity 
conservation.  Forest Ecology and Management 232:1-11. 
Seymour, R.S., Hunter Jr., M.L., 1999.  Principles of ecological forestry.  In: Hunter, 
Jr., M.L., (Ed.), Maintaining Biodiversity in Forest Ecosystems.  Cambridge 
University Press, Cambridge, UK, pp. 22-64. 
Whelan, C.J., 2001.  Foliage structure influences foraging of insectivorous forest 
birds: an experimental study.  Ecology 82:219-231.  
Willson, M.F., 1974.  Avian community organization and habitat structure.  Ecology 
55:1017-1029. 
 
6 
 
CHAPTER 2.  EXPERIMENTAL RETENTION HARVESTING TO ENHANCE 
STRUCTURAL COMPEXITY: SONGBIRD COMMUNITY RESPONSE IN A RED 
PINE FOREST 
Abstract:  Structural complexity has long been recognized as important for 
maintaining songbird diversity.  In recognition of the simplified condition of many 
managed forests, forest scientists have initiated efforts aimed at increasing the 
structural and compositional complexity of forest stands.  Songbird community 
assemblage following timber harvest has been studied to assess these 
enhancement efforts, though current literature is largely limited to short-term 
responses and may not reflect longer-term patterns in response.  Through a 
designed, replicated (n = 4) experiment located in northern Minnesota, we evaluated 
bird community response to differences in forest structure created through retention 
harvesting over a ten-year period.  Treatments include three overstory manipulations 
(dispersed retention; aggregated retention with small harvest gaps; aggregated 
retention with large harvest gaps), one understory manipulation (mechanical brush 
removal), and controls (unharvested overstory; and/or unbrushed understory).  
Treatments were designed to alter forest structural complexity compared to controls 
and to restore more open understory conditions that resulted from now-suppressed 
surface fires.  I hypothesized that songbird response would be different in treatment 
stands than in unharvested controls as a result of increased structural heterogeneity 
in harvested areas.  Surveys were conducted in 2003, each odd year thereafter 
through 2011, and in 2012.  Over this period avian community abundance and 
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richness increased in overstory treatments compared to unharvested controls; no 
community-level differences were found between understory treatments.  Foliage 
gleaning and tree- or shrub-nesting guilds represented the greatest number and 
abundance of species; cavity nesting guild abundance and richness were 
comparably low.  Species positively responding to overstory treatments were 
generally associated with early seral and edge habitats (e.g., American Redstart 
[Setophaga ruticilla], Chestnut-sided Warbler [Setophaga pensylvanica], and 
Mourning Warbler [Geothlypis philadelphia]) or a mature overstory component (e.g., 
Yellow-rumped Warbler [Setophaga coronate]). Ovenbirds (Seiurus aurocapilla) 
were found at higher densities in the unharvested controls and within the matrix 
areas of aggregate retention treatments compared to dispersed treatments and 
gaps.  American Redstarts were more abundant at unbrushed understory 
treatments.  Additionally, a blocking effect was found for this species that appears 
related to vegetative compositional differences measured between experimental 
blocks.  My results suggest that forest birds respond to increased structural 
complexity created through retention-based timber harvesting, and that forest stand 
composition is an important habitat consideration for certain bird species.  Further, 
divergence in avian community composition between treatment sites and 
unharvested controls suggest an important component of a biodiverse forest 
landscape includes areas of mature, uncut forest. 
Key words: avian ecology; avian guilds; harvest gap; Minnesota; overstory 
retention; structural complexity; timber harvest   
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INTRODUCTION 
Structural complexity within forest systems has long been recognized as 
important to wildlife, and in particular to birds (MacArthur and MacArthur 1961, 
Hilden 1965, Willson 1974, Schulte and Niemi 1998, Saab 1999, Bakermans et al. 
2012).  Structural attributes including forest composition (Holmes and Robinson 
1981, Hobson and Bayne 2000), foliage height diversity and structure (MacArthur 
and MacArthur 1961, Willson 1974, Robinson and Holmes 1984, Whelan 2001), 
snags, downed logs, and tip ups (Gullion 1967, Mannan et al. 1980, Niemi and 
Hanowski 1984, Wolf and Howe 1990, Hutto 1995, Linder and Anderson 1998, Hutto 
2006), and landscape heterogeneity (Drolet and Desrochers 1999, Saab 1999) are 
known to influence forest-dwelling bird communities in complex ways. 
Reduction of structural complexity in managed forests from timber production 
has received much attention (Puettmann et al. 2009).  Whereas structural complexity 
nearly always improves following a natural disturbance (e.g., windthrow, fire, insect 
outbreak), timber harvests—while highly variable—tend to simplify forest complexity 
(Lindenmayer and Franklin 2002).  Of particular concern is the lack of biological 
legacies (components of the pre-disturbance forest—such as snags or downed 
logs—that survive and add complexity to the post-disturbance forest) within 
managed forests (Franklin et al. 1997).  Loss of structural complexity has relevance 
for forest-dwelling birds.  For example, declines in the richness of bird species 
associated with fire-created snags occur when salvage logging follows a fire 
disturbance event (Kotlair et al. 2002, Hutto and Gallo 2006, Rost et al. 2013).  
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Additionally, studies comparing post-harvest bird communities to those following a 
fire event document differences in avian composition, with snag-associated species 
reduced or absent (Schulte and Niemi 1998, Hobson and Schieck 1999, Schieck 
and Song 2006).  Differences are attributed in part to structural simplification in 
harvested units relative to their naturally-disturbed counterparts (Schulte and Niemi 
1998).  Importantly, diverse forest structures are associated with foraging 
opportunities for a diversity of avian species (Robinson and Holmes 1982).     
Acknowledging that many landowners hold both timber and biodiversity goals 
for their land, ecological forestry has emerged as a fundamental shift from 
traditional, timber-focused approaches to forestry.  Ecological forestry incorporates 
principles of disturbance ecology and successional theory within natural forests into 
silvicultural prescriptions; management of biological legacies is a central tenant of 
ecological forestry, with objectives including forest restoration and biological diversity 
enhancement (Franklin et al. 2007).  Overstory retention—one piece of an ecological 
forestry approach—is increasingly being used as a tool for adding structural 
complexity to early successional managed landscapes (Gustafsson et al. 2012).  
Retention can occur in a variety of shapes, patterns, and sizes depending on forest 
type and management goals, though the central idea is for long-term occurrence of 
important biological structures that contribute to structural complexity (Franklin et al. 
1997, Lindenmayer and Franklin 2002).  
The response of the avian community to overstory retention harvesting is 
represented in the literature (Norton and Hannon 1997, Chambers et al. 1999, 
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Schieck and Hobson 2000, Schieck et al. 2000, Lance and Phinney 2001, Leupin et 
al. 2004, Harrison et al. 2005, Preston and Harestad 2007).  Importantly, where 
management goals extend beyond timber production to embrace the maintenance of 
biodiversity, including forest bird species, it becomes important to understand 
specific responses of the avian community to employable retention features.  
Although several operational-scale experiments have been established (Monserud 
2002, Palik et al. 2003b, Halpern et al. 2005, Harrison et al. 2005), with the 
exception of Atwell et al. (2008) I am unaware of any literature indicating the 
response of forest birds to specific structural features of overstory retention 
harvesting that distinguish avian response to the level of retention from the spatial 
arrangement of the remaining canopy.  Studies investigating initial avian response to 
retention harvesting have generally found positive associations between the amount 
of overstory retention and bird abundance and richness, although it is not possible to 
distinguish responses due to the level of retention from the spatial arrangement of 
retained trees (Norton and Hannon 1997, Lance and Phinney 2001).  Leupin et al. 
(2004) reported on a study of different spatial harvest patterns with similar levels of 
timber removal, finding negligible bird response to treatments.  Yet blocks were 
arranged at different elevation gradients, and as the authors point out, this probably 
accounted for the lack of treatment effect (Leupin et al. 2004).   
An additional concern is the relative short nature of the studies on avian 
response to overstory retention and the temporal proximity to timber harvest; many 
studies I found took place for one to three breeding seasons following harvest 
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(Norton and Hannon 1997, Chambers et al. 1999, Schieck and Hobson 2000, Lance 
and Phinney 2001, Leupin et al. 2004, Harrison et al. 2005, Preston and Harestad 
2007) and tended to occur the breeding season following harvesting; Lance and 
Phinney (2001) surveyed two years post-harvest while Schieck and Hobson (2000) 
and Preston and Harestad (2007) varied in time since harvest.  Studies reporting 
initial avian response to timber harvesting suggest site fidelity or a crowding effect in 
the first year or two after harvest, potentially clouding the community patterns that 
emerge (Whitcomb et al. 1981, Schmiegelow et al. 1997, Atwell et al. 2008).  While 
these studies are certainly valuable, longer-term studies that are able to separate 
bird response to retention level versus spatial arrangement may more fully explain 
response trends and help steer management toward silvicultural approaches 
beneficial for timber production and birds. 
To advance understanding of longer-term bird response to overstory 
retention, I examined the response of birds to an experimental retention harvest of 
red pine forests through the first ten years since study establishment.  This project is 
a part of the broader Red Pine Retention Experiment, which assesses the balance 
between timber production and forest structural and compositional complexity goals 
(Palik and Zasada 2003).  I specifically addressed several hypotheses about how 
birds respond to overstory retention at the community and individual species levels.  
I hypothesized that bird abundance and richness will (1) increase with time since 
harvest, (2) be greater in overstory treatments than in unharvested controls, and (3) 
increase with the level of overstory aggregation among harvest treatments.  
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Furthermore, I expected that (4) bird guild response will vary with overstory 
treatment (see Table 1 for between treatment hypotheses) and (5) individual species 
will respond differently to overstory and understory treatments.  
I based my hypotheses on two underpinnings.  First was the supposition that 
ecological forestry increases structural complexity in traditionally managed forests, 
relative to clearcuts, by varying the level and pattern of overstory retention to mimic 
natural disturbance characteristic of a particular forest area (Franklin et al. 2007). 
Studies investigating the response of vegetation have demonstrated that overstory 
retention influences stand structure (Maguire et al. 2007), including the understory 
(Halpern 2012).  Second is the understanding that birds respond to forest structural 
complexity.  MacArthur and MacArthur (1961) demonstrated the relationship 
between the foliage height profile and bird species diversity, which was corroborated 
by Willson (1974), who also showed that the addition of vertical structure resulted in 
adding bird guilds to the community.  In more detailed research, Holmes and 
Robinson (1981) found tree species preferences among insectivorous birds, while 
Whelan (2001) revealed differences in vertical feeding patterns among bird species 
associated with structural dissimilarities between tree species.   
METHODS 
Study Site 
The study site consists of four replicated blocks situated on the Chippewa 
National Forest in northern Minnesota.  Blocks lay within largely even-aged, red pine 
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dominated stands low in elevation and topographic relief, on an outwash ice contact 
landform with deep sandy soils.  Given the proximity of blocks (<14 km apart), I 
assumed climate conditions to be similar; however, the proximity of blocks 1, 2, and 
3 to the eastward edge of lake Winnibigoshish—a 2,285-ha body of water—may 
create local conditions distinct from block 4, which occurs within a contiguous forest 
matrix.  Mean annual temperature (for this region of Minnesota) is 3.9 ̊ C and mean 
annual precipitation is 70.0 cm (MRCC 2006).  National Forest records indicate 
study stands were regenerated naturally following a seed tree cut (10% residual 
pine) between 1910-1912; since that time stands have been thinned two or three 
times.  A few stands were burned in the 1990s to promote blueberry production.  
Prior to harvesting, basal area of study stands averaged 36 m2/ha for trees with a 
diameter at breast height (DBH) greater than 10 cm.  About 90% of total basal area 
was composed of red pine, while northern red oak (Quercus rubra), eastern white 
pine (P. strobus), trembling aspen (Populus tremuloides), bigtooth aspen (P. 
grandidentata), paper birch (Betula papyrifera), balsam fir (Abies balsamea),  red 
maple (Acer rubra), white spruce (Picea glauca), bur oak (Q. macrocarpa), and black 
spruce (P. mariana)  were present in lesser amounts (individually, < 2.8% of total 
basal area). 
A randomized split-plot, complete block design with four replicates was 
implemented for this experiment.  Each block consisted of three overstory 
treatments and an unharvested control.  Overstory treatments were further divided 
between an understory competition-removal treatment and understory control.  
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Blocks were approximately 64 ha and divided into four ~16-ha stands to encompass 
the three overstory treatments and one unharvested control.  Overstory treatments 
were thinned to a basal area of approximately 18 m2/ha, with differences due to the 
spatial configuration of residual trees.  Overstory treatments consisted of (1) 
dispersed retention, which resembled a traditional shelterwood cut of evenly-spaced 
retained trees, (2) aggregated retention with small (0.1 ha) gap cuts, and (3) 
aggregated retention with large (0.3 ha) gap cuts (Fig 1).  Harvesting occurred 
between 15 August 2002 and 15 April 2003 and consisted of designated timber 
felled at the stump and decked along existing access routes.  Slash was lopped and 
scattered to lie within 30 in of the ground.  Soil disturbance was minimized by 
incorporating slash under harvesting equipment.  Areas of advanced regeneration 
were also recognized and protected where possible.  Relative basal area of each 
tree species remained similar following harvest (Palik et al. 2003b). 
An understory competition-removal treatment consisting of the mechanical 
removal of shrubs—primarily hazel (Corylus cornuta and C. americana)—and 
suckers of aspen was established in approximately one-half of each overstory 
treatment, with the remaining half serving as a control.  Following overstory 
harvesting in 2003 the entire understories of all stands were mechanically thinned to 
aid seedling planting, and thereafter one-half of each overstory treatment was 
mechanically thinned between late May and early July in 2004, 2005, 2007, 2008, 
and 2011 (B. Palik, USFS, personal communication).    
 
15 
 
Vegetation Sampling 
I conducted vegetation analysis using data collected by researchers at the US 
Forest Service Northern Research Station, Grand Rapids, Minnesota in 2003 and 
2008.  Subsequent to understory shrub removal for the year in question (2003, 
2008), vegetation composition and structure was measured at each treatment 
combination.  Within each treatment location ten 16.1 m fixed radius plots were 
established, and an additional two to seven plots were established in gaps of 
aggregate-retention treatments to more completely account for within stand 
variability.  All trees (living and dead) > 2.54 cm diameter at breast height (DBH) 
were measured and recorded to species.  Tree regeneration and woody shrubs 
(hereafter shrubs) > 1 m in height and < 2.54 cm DBH were counted within a 1.26 m 
radius plot at the center of each fixed radius plot.   
Bird Sampling 
Following establishment of the experiment, diurnal breeding birds were 
surveyed beginning in 2003.  Follow up surveys were completed in 2005, 2007, 
2009, 2011, and 2012 (I conducted bird surveys in 2011 and 2012).  Surveys began 
one-half hour before dawn and lasted no later than four hours following day break on 
days of suitable weather conditions (no rain, adequate temperature, little wind; Blake 
et al. 1991).  Birds were surveyed three times during each breeding season (May—
mid-June) using a modified version of standard transect methodology (Ralph et al. 
1993).  At each treatment combination a permanent 100 m by 150 m rectangular 
transect was established by tying colored flagging around tree trunks or shrub 
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branches along the determined route (Fig. 2).  All individual birds seen or heard 
within 50 m on either side of each transect (creating an effective sampling area of 5 
ha) were spatially located and recorded in relation to the location of overstory gaps 
or edges (Appendix A).  Individuals observed beyond 50 m were recorded, but were 
not included in the analysis.  Transect length and configuration was based on the 
average size and spatial orientation of the experimental units.  During transect 
establishment a 100 m buffer between each sampling area and stand boundary was 
attempted, although a few transects do not have the full 100 m buffer.  Transects 
were initially walked at a pace of 1.5 km/h (~20 min/transect); however, the pace 
was slowed to 1 km/h (~30 min/transect) beginning in 2005 to maintain a similar 
level of detection given understory reestablishment in unbrushed sites.  Emphasis 
has been placed on ensuring accurate measurement while maintaining a relatively 
even pace. 
The order of site visitation was alternated among the three survey periods to 
account for hourly variation in bird activity (Blake et al. 1991), as were the assigned 
surveys when multiple surveyors conducted surveys.  A total of five qualified 
individuals have conducted surveys since the inception of this experiment.  Within 
and across years, surveyors worked together to maintain accuracy by conducting 
practice surveys together, measuring visual estimates of distance, and comparing 
results of a practice survey to ensure cohesiveness. 
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Statistical Analysis 
Vegetation 
Data consisted of both overstory and shrub-layer information.  The 2008 
overstory data contained several missing diameter at breast height (DBH) values; in 
these cases, I filled in the corresponding measurement taken in 2003.  I considered 
this a conservative and satisfactory method of filling in data gaps because tree 
diameter growth between 2003 and 2008 was nominal (data not shown).  I 
partitioned overstory data into 11 variables based on size (DBH), type (conifer or 
deciduous), and alive or dead status (Table 2; Appendix B).  I selected size classes 
for overstory variables based on all recorded species > 10 cm within each respective 
category.  I chose this approach to limit the influence of the high number of small 
diameter (< 10 cm) trees on the delineation of larger size classes. For each 
category, I grouped all trees within the 75th percentile as large trees; trees > 10 cm 
and < 75th percentile as medium trees; and trees ≤ 10 cm and > 2.5 cm as small 
trees (Table 2).  Whereas large trees were identified based on the 75th percentile, I 
chose to identify medium trees as those < 75th percentile and > 10 cm—as opposed 
to further separating classes based on a percentile—to account for the small number 
of trees in the sample (particularly with deciduous trees).  I calculated basal area of 
alive and dead trees using all records in each category.  I classified shrub level data 
as a single variable using available data (Table 2). 
For each vegetation variable, I calculated the mean value at each treatment 
combination.  I used a normal linear regression to test for differences in basal area 
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per hectare and abundance per hectare among overstory and understory treatments 
and controls in 2003 and 2008.  I analyzed vegetation according to the split-plot 
design.  I conducted this analysis using PROC GLIMMIX within SAS software®, 
version 9.3 (SAS Institute Inc. 2010).    
I also analyzed vegetation basal area and abundance values for both years 
using non-metric multidimensional scaling (NMS) analysis in PC-ORD.  However, 
vegetation manipulation—explicit from the experimental design—caused the results 
to strongly separate unharvested control treatments from the harvested treatments, 
with no separation between harvest treatments.  Therefore, I decided to focus 
interpretation using graphs produced from SAS output as opposed to including NMS 
results.   
Birds 
I analyzed both community and individual species response among the 
experimental treatments and across all years, unless otherwise noted.  Only species 
observations within 50 m of each transect were used for analysis (within the 5 ha 
effective sampling area; Appendix C).  I assessed overall community response using 
abundance, richness, Shannon-Weiner diversity measures, and non-metric 
multidimensional scaling (NMS).  I also conducted analysis of overall community 
response according to nesting and foraging guilds using abundance and richness 
measures (deviations from overall community analysis discussed below).  For 
individual species with adequate observations, I analyzed the proportion of total 
observations recorded in a harvest-created treatment gap or gap edge.  For all other 
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community and individual species metrics, I analyzed songbird data using the 
maximum number of individuals recorded for each species over the three sample 
periods within a given breeding season at each survey location, unless otherwise 
noted.   
For community-level and individual species responses I used a split-plot 
analysis of variance design with repeated measures.  The covariance structure for 
repeated measures uses an AR1 structure to account for the fact that surveys were 
conducted at the same locations over time.  Evidence in the data suggested a linear 
effect of year, as well as an establishment year effect (a deviation in 2003 from the 
overall pattern in the data), so both were incorporated into the model.  For 
community-level and individual species analysis, I included seven explanatory 
variables (Appendix D).  Blocks and treatments were considered fixed, and their 
interaction random.   
For community-level responses I incorporated a Satterthwaite adjustment to 
approximate the denominator degrees of freedom (the Satterthwaite adjustment 
accounts for random effects in the model).  I used PROC MIXED within SAS 
software, version 9.3, for community-level responses, while individual bird 
abundance was assessed using PROC GLIMMIX within SAS software, version 9.3 
(SAS Institute Inc. 2010).   
 Community and individual bird abundance included all observations—known 
and unknown—in the analysis.  Unknown observations were grouped (e.g., unknown 
warbler; unknown sparrow), with each group treated as a single bird species when 
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calculating the maximum abundance of each bird species per survey site over the 
three survey periods in a given year.  
I log-transformed community abundance data to meet normality assumptions.  
For individual species analysis I selected a Poisson distribution to account for (1) 
small sample sizes for certain species, and (2) individual surveys where an 
individual species was not recorded.  Using the Poisson distribution requires the use 
of integers, and log-transformed values.  Thus, for the change over time effect (and 
interactions including the change over time variable), I report both community-level 
and individual species abundance responses as multiplicative effects from one year 
to the next.  For all other reported abundance results, differences among both 
overstory treatments and blocks are back-transformed for interpretability. 
Species richness was calculated using the number of known individual 
species recorded at each experimental site in a given year (total number of species 
across the three sample periods).  I analyzed species richness using a normal 
distribution. 
Avian diversity was measured using the Shannon-Weiner diversity index, and 
included known individuals.  Diversity was also measured using a normal 
distribution.  The Shannon-Weiner diversity index is based on the formula Hʹ = -∑ pi 
ln pi, where pi is the proportion of individuals belonging to species i.  
 For analysis separating community abundance and richness data by guilds, I 
used only known species, as opposed to including unknown species (as is the case 
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with overall community abundance and richness).  I used a model similar to that 
used for the community data, and included the same explanatory variables 
(Appendix D), but also included guild as an interacting factor among several 
variables (Appendix E).  Nesting guild categories included (1) tree or shrub, (2) 
cavity, and (3) ground, and foraging guild categories included (1) aerial, (2) foliage 
gleaning, (3) bark gleaning, and (4) ground; guild classifications for individual 
species are based on Ehrlich et al. (1988).  As with the overall community results, for 
interpretability I am reporting back-transformed abundance values, although results 
involving the change over time factor will be presented as a multiplicative value.  
NMS analysis was conducted using bird community abundance data solely, 
and in combination with vegetation data.  I performed these analysis in PC-ORD 
(McCune and Mefford 2011), selecting the Bray-Curtis distance measure in each 
instance.   
For NMS analysis using both bird and vegetation data, I used bird data from 
2009, and vegetation data from 2008.  I chose this combination based on temporal 
proximity in measurement.  Initially, I conducted runs with up to six ordination axes, 
but found substantial reductions of stress consistently made by the first two axes.  
My final run included two axes, a seed for the random number generator (1055), and 
50 runs with real data.  The final solution had a stress value of 14.27 based on 72 
iterations of random data.  The amount of stress in the final run was considered 
reasonable for ecological community data and the amount of variation explained by 
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the two axes was relatively high (r2 = 0.88).  I used a Monte Carlo test to evaluate 
the test statistic (McCune and Grace 2002). 
For the bird-only analysis, I ran a variety of year combinations before deciding 
to focus on years 2003 and 2012.  I selected 2003 and 2012 based on (1) similarity 
in output between the different combinations, and (2) interpretability of the output 
graph.  I initially conducted runs using six ordination axes, but found significant 
contribution to stress reduction occurring in the first two axes.  For the final NMS run 
I used two axes, a seeded starting configuration (5408), and one real run (McCune 
and Mefford 2011).  Using two axes, I obtained a final stress of 16.42 (considered 
reasonable) and a final instability of 0.00034 based on 111 iterations of random 
data.  Using the two axes explained a relatively high amount of variation (r2 = 0.83).  
I used a Monte Carlo randomization to evaluate the test statistic, and conducted 
Mantel tests to calculate dissimilarity—using the Bray-Curtis distance measure—
between the two sample periods (McCune and Grace 2002).   
Based on the results of the NMS analysis, for each bird species I conducted 
ANOVA analysis to test for abundance response to all explanatory variables 
presented in Appendix D, but focused on the subset of species correlated with each 
NMS axis (r > 0.5; Table 3).  These include Cedar Waxwing (Bombycilla cedrorum), 
Red-eyed Vireo (Vireo olivaceus), Pine Warbler (Setophaga pinus), American 
Redstart (Setophaga ruticilla), Chestnut-sided Warbler (Setophaga penslyvanica), 
Mourning Warbler (Geothlypis philadelphia), Veery (Catharus fuscenscens), 
Nashville Warbler (Oreothlypis ruficapilla), Red-breasted Nuthatch (Sitta 
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canadensis), and Red Crossbill (Loxia curvirostra).  Although I included all recorded 
species in the analysis, only 24 species had high enough observation numbers to 
converge in the model.   
I analyzed the proportion of total observations of individual bird species use in 
harvest-created gaps and edges as a response to time, overstory treatments (large 
gap and small gap), and understory treatment and unbrushed control; time was 
continuous, while overstory and understory treatments were categorical.  Analysis 
included all years except 2003, because bird use of gaps and edges was not 
reported for this year.  Although gap and edge use were recorded separately in the 
field, the data for several years were concatenated when entered into the database 
(i.e., it is not possible to separate a gap from an edge observation).  Thus, for each 
year I analyzed gap and edge use as a single value (as opposed to separating gap 
and edge use for a portion of the survey years).  For each individual species, I 
included all recorded observations (as opposed to the maximum abundances).  I 
chose to include all observations to account for the fact that defended territories of 
many species found in gap and edge areas also included matrix habitat.  I also 
limited analysis to species with adequate (i.e., > 10 observations per treatment 
combination for at least four out of five years) observation values to ensure sufficient 
sample sizes.  Based on these criteria, I selected  ten species—American Redstart, 
Chipping Sparrow (Spizella passerine), Chestnut-sided Warbler, Eastern Wood-
Pewee (Contopus virens), Mourning Warbler, Nashville Warbler, Ovenbird (Seiurus 
aurocapilla), Pine Warbler, Red-breasted Nuthatch, and Red-eyed Vireo—but 
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focused my results on the subset of individual species identified by the bird-only 
NMS analysis (Table 3).  I conducted analysis using PROC LOGISTIC within SAS 
software, version 9.3 (SAS Institute Inc. 2010).   
Author’s note 
Data from 2003 and 2005 of this study was previously published in 2008 
(Atwell et al. 2008).  While the general results reported by Atwell et al. (2008) match 
the patterns found through my own analysis, my analysis included a greater number 
of survey years and a slightly different statistical approach.  In particular, whereas 
Atwell and colleagues included year as a categorical variable when comparing 2003 
to 2005, I considered year as a continuous variable.  I also accounted for the 
interactions between blocks and overstory treatments, as well as the interaction 
between blocks, overstory treatments, and understory treatments, while Atwell and 
colleagues only accounted for the interaction between blocks and overstory 
treatments or blocks and understory treatments, depending on the test being 
implemented.  My model more fully accounts for the interactions appropriate for the 
split-plot design, but also changes the variance structure as compared to analysis 
presented in Atwell et al. (2008).  Therefore, specific values for results between my 
method and Atwell et al. (2008) will be different, although the general patterns 
derived from each modeling approach will be similar. 
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RESULTS 
Vegetation 
A total of 21 tree species were recorded during 2003 and 2008 vegetation surveys 
(Appendix B).  Conifer trees accounted for six species, while 15 deciduous species 
were recorded (Appendix B).  The most common coniferous tree recorded was red 
pine (~43%) and the most common deciduous tree recorded was red oak (~15%).  
For the majority of vegetation variables in 2003, higher values occurred within 
unharvested control treatments, with noticeably lower values in the overstory 
treatments; these responses were expected based on the design of the study (Fig. 
3).  This pattern continued through 2008 with generally small changes occurring 
within each overstory treatment for each variable (Fig. 3).  Snag basal area and 
large-, medium-, and small-sized snag abundance all experienced the greatest 
increase within the unharvested control treatments.  Shrub abundance was an 
exception to the general trend; abundance was similar among unharvested controls 
and all overstory treatments in 2003, but by 2008 overstory treatments contained far 
greater shrub abundance than the unharvested controls (Fig. 3).  Also, between 
2003 and 2008, small-sized deciduous tree abundance increased substantially 
within dispersed treatments and, to a lesser extent, large gap treatments (Fig. 3).   
Birds 
A total of 79 bird species were recorded in the experimental stands, ranging 
from 42 species in 2003 to 62 species in 2012 (Appendix C).  The majority of 
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species recorded were common to both overstory treatments and unharvested 
controls, although several species were only found within overstory treatment stands 
or unharvested control stands each survey year (Table 4).  Across all survey years, 
two species were found only within unharvested control stands and 22 species were 
found only within overstory treatment stands (Appendix C).  Two species of regional 
importance in northern Minnesota, including the Black-throated Blue Warbler (one 
observation [Dendroica caerulenscens]) and Bay-breasted Warbler (six observations 
[Dendroica castanea]), were only found in overstory treatment stands, although 
never in great numbers. 
My analysis documents an establishment year effect associated with initiation 
of the experiment (Fig. 4).  Abundance (F1,145 = 41.55, P < 0.01) and richness (F1,150 
= 9.09, P < 0.01) differed with experimental treatments between 2003 and all 
subsequent years; only a weak trend was found for diversity (F1,167 = 2.91, P = 0.09).   
Results of the regression model show a significant interaction effect with 
change over time and overstory treatment for abundance (F3,78 = 14.64, P < 0.01; 
Table 5) and, in general, richness (F3,77.8 = 4.47, P < 0.01; Table 6); abundance and 
richness show an increasing trend over time in overstory treatments relative to 
unharvested controls, which do not appear to be changing.  I found no differences in 
the slopes for change over time among the three overstory harvest treatments for 
abundance or richness (Table 5; Table 6).  No interaction effect between change 
over time and overstory treatment was detected for diversity (F3,82.5 = 0.68, P = 
0.57).  However, I found the main effect for change over time to be significant for 
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diversity (F1,95.3 = 19.96, P = <0.01), suggesting a slight (0.01 – 0.05) increase per 
year on the diversity index.  The main effect for overstory treatment was also 
significant for diversity (F3,28.3 = 4.06, p = 0.02) with higher values tending to occur 
within the two aggregated overstory treatments (Fig. 4).  I found no difference in the 
interaction between overstory treatments and understory treatments for avian 
abundance (F3,12 = 0.64, P = 0.60), richness (F3,12 = 0.65, p = 0.60), or diversity 
(F3,54.7 = 0.97, P = 0.42) across survey years.   
Other effects investigated included the effects of understory treatment and 
block; I did not find an overall difference between brushed and unbrushed control for 
abundance (F1,12 = 0.37, P = 0.56), richness (F1,12 = 1.88, P = 0.20), or diversity 
(F1,54.7 = 0.95, P = 0.34).  A difference between blocks was found for avian 
abundance (F3,9 = 10.44, P < 0.01; Table 5) and richness (F3,9 = 6.47, P = 0.01; 
Table 6), with no difference observed for diversity (F3,9 = 4.65, P = 0.25).   
Overstory treatment results from 2012 generally follow the overall trend for all 
three measures (abundance, richness, and diversity); differences primarily occur 
between unharvested controls and overstory treatments, with some differences 
occurring among overstory harvest treatments (Fig. 4; Table 7; Table 8; Table 9). 
To better understand the dynamics of the bird community, I categorized each 
species according to nesting and foraging guilds.  Both nest guild abundance (F 2,235 
= 3.42, P = 0.03) and richness (F 2,235 = 16.23, P < 0.01), and forage guild 
abundance (F 3,330 = 44.68, P < 0.01) and richness (F 3,341 = 53.92, P < 0.01) had 
significant interactions between change over time and guild class, although no effect 
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of overstory treatments appeared to influence any of the interactions (i.e., patterns 
among overstory treatments were similar across each guild; Table 10; Table 11; 
Table 12).  In general, within each guild class, abundance and richness do not 
appear to be changing within the unharvested control, while they show a slight to 
modest increasing trend within harvested treatments; the exception to this pattern is 
with aerial foragers, which show a slight decreasing trend for abundance and 
richness regardless of overstory treatment (Table 11; Table 12).  I also found the 
interaction between overstory treatment and guild class to be significant for nest 
guild abundance (F 6,212 = 2.37, P = 0.03) and richness (F 6,211 = 0.3.84, P < 0.01), 
and for foraging guild abundance (F 9,279 = 4.75, P < 0.01) and richness (F 9,298 = 
4.66, P < 0.01; Table 10).  Results for 2012 show that within the nesting guild, shrub 
and tree nesting species appear to have the greatest abundance and richness, with 
ground nesting species having the lowest numbers (Fig. 5a; 5b); cavity nesting 
species had the lowest abundance and richness within each overstory treatment 
(Fig. 5a; 5b).  Within foraging guilds, foliage gleaners were most numerous in terms 
of abundance and richness, and there were lower numbers of ground foraging 
species (Fig. 5c; Fig. 5d).  Aerial foraging and bark gleaning species were least 
numerous in abundance and richness (Fig. 5c; Fig. 5d). 
I found a difference in the interaction between understory treatment and guild 
class for richness (F 3,298 = 2.67, P = 0.05) within the foraging guilds but no 
difference was detected for abundance, or for either measure for nesting guilds 
(Table 10).  Results from 2012 for the foraging guild show small but significantly 
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higher richness for the unbrushed understory treatments compared to the brushed 
understory treatments (Fig. 6). 
In the NMS analysis using bird surveys from 2009, overlaid with vegetation 
data from 2008, I found strong patterns between individual species and vegetation 
characteristics for both Axis 1 and Axis 2.  Three clusters were evident from the 
analysis: (1) all overstory unharvested control treatments, (2) block 4 overstory 
treatments (minus the unharvested overstory control treatments, and including the 
large gap overstory, brushed understory treatment from block 1), and (3) all 
harvested overstory treatments from blocks 1, 2, and 3 (minus the large gap 
treatment from block 1; Fig. 7).  Axis 1 accounted for the most variation (r2 = 0.65), 
while Axis 2 displayed less variation (r2 = 0.23).  For both vegetative characteristics 
and individual bird species, Axis 1 appeared to separate the unharvested controls 
from the harvested overstory treatments while Axis 2 suggested a difference 
between block 4 and blocks 1, 2, and 3.  In my NMS analysis, seven vegetation 
variables—alive and dead basal area, medium- and small-sized snags, and large-, 
medium-, and small-sized conifer trees—and one bird species—Black-throated 
Green Warbler (Setophaga virens)—were positively correlated with Axis 1, while four 
bird species—Chipping Sparrow, Chestnut-sided Warbler, American Redstart, and 
Mourning Warbler—were negatively correlated with Axis 1 (Table 13; Table 14).  
Both the vegetation variables and Black-throated Green Warbler positively 
correlated with Axis 1 tend to have higher values within unharvested control 
treatments, while bird species negatively correlated with Axis 1 occur predominately 
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within harvested overstory treatments (Fig. 8; Fig. 9).  Two bird species—Mourning 
Warbler and White-throated Sparrow (Zonotrichia albicollis)—were positively 
correlated with Axis 2, while two vegetation variables—large-sized deciduous trees 
and small-sized deciduous trees—and three bird species— Blackburnian Warbler 
(Seophaga fusca), American Redstart, and Veery—were negatively correlated with 
Axis 2 (Table 13; Table 14).  Both vegetation variables and bird species negatively 
correlated with Axis 2 tend to be less abundant, or near-absent from block 4, while 
bird species positively correlated with Axis 2 seemed to be common in block 4 (Fig. 
8; Fig. 9).   
In my NMS analysis of 2003 and 2012 bird data, I found Axis 1 displayed the 
most variation (r2 = 0.54), while less variation was accounted for by Axis 2 (r2 = 
0.29).  The Mantel test indicated that a significant relationship exists between 2003 
and 2012 (r = 0.39, P < 0.01), as shown by a shift in avian community composition 
over the course of the experiment.  Divergence between overstory treatments and 
unharvested controls is evident in each sample period, and is more apparent in 2012 
(Fig. 10).  
In particular, eight and five bird species were strongly (r > 0.50) correlated 
with Axis 1 and 2 respectively (Table 3).  Cedar Waxwing, Red-eyed Vireo, Pine 
Warbler, American Redstart, Chestnut-sided Warbler, Mourning Warbler, Veery, and 
Nashville Warbler were all positively correlated with Axis 1, while Chestnut-sided 
Warbler, Mourning Warbler, Nashville Warbler, Red-breasted Nuthatch, and Red 
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Crossbill were positively correlated with Axis 2; no species were negatively 
correlated with either Axis (Table 3). 
Of the 10 species correlated with the NMS analysis, seven species had 
sufficient observations for individual species analysis (Cedar Waxwing, Veery, and 
Red Crossbill did not meet model requirements).  Focusing on these seven species, 
I looked at differences in abundance both between and within years, with results of 
each test varying by species (Table 15).  I found an establishment year effect for 
American Redstart (F1,155 = 25.05, P < 0.01), Chestnut-sided Warbler (F1,155 = 28.93, 
P< 0.01), Mourning Warbler (F1,155 = 7.51, P < 0.01), and Red-breasted Nuthatch 
(F1,155 = 6.59, P = 0.01,Table 15).   
American Redstart (F3,155 = 9.96, P < 0.01) and Chestnut-sided Warbler 
(F3,155 = 4.84, P < 0.01) showed increasing trends in abundance within overstory 
treatments relative to unharvested controls, while Nashville Warbler (F1,155 = 93.99, 
P < 0.01) and Red-breasted Nuthatch (F1,155 = 52.46, P < 0.01) showed evidence of 
an increasing trend over time, regardless of treatment (Table 16).  I found 
differences between overstory treatments for Mourning Warbler (F3,9 = 4.33, P = 
0.04; Table 15); results from 2012 showed higher abundance for overstory 
treatments than unharvested controls (Table 17).  An overall difference between 
understory brushed treatment and unbrushed control was significant for American 
Redstart (F1,12 = 12.76, P < 0.01; Table 10), with a higher abundance occurring in 
unbrushed controls in 2012 (Table 18).  I found the abundance of American Redstart 
(F3,9 = 11.35, P < 0.01) was higher in blocks 1, 2, and 3 than in block 4, while the 
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abundance of Pine Warbler (F3,9 = 5.9, P = 0.02) was higher in blocks 2 and 3 than 
block 4, with a strong difference for a higher abundance in block 1 than in block 4 (P 
= 0.06; Table 19).  No interaction between overstory and understory treatments was 
found for any species (Table 15). 
To better understand individual species response to harvest-created 
structural heterogeneity, I assessed the use of experimentally created gaps and 
edges of gaps, focusing on differences between overstory treatments, understory 
treatments, and across time (Table 20).  Examining species identified from the bird-
only NMS analysis, American Redstart (χ2 = 67.33, df = 1, P < 0.01), Chestnut-sided 
Warbler (χ2 = 100.77, df = 1, P < 0.01), and Pine Warbler (χ2 = 22.64, df = 1, P < 
0.01) responded positively to harvest gaps or gap edges over time (Fig. 11; Table 
20).  The proportion of observations in harvest gaps or edges for Chestnut-sided 
Warbler (χ2 = 21.24, df = 1, P < 0.01), Mourning Warbler (χ2 = 7.37, df = 1, P < 
0.01), and Pine Warbler (χ2 = 8.41, df = 1, P < 0.01) was greater in the large gap 
treatment than in the small gap treatment (Fig. 11; Table 20).  I also found American 
Redstarts (χ2 = 8.10, df = 1, P < 0.01) more likely to be found in harvest gaps or gap 
edges of unbrushed understory treatments than those of brushed treatments (Fig. 
11; Table 20). 
DISCUSSION 
This study demonstrates bird community response to structural heterogeneity 
created through ecological forestry approaches to forest management.  Importantly, 
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this study further responds to the call for long-term, large-scale, and designed 
experimental studies addressing impacts of forest alteration on wildlife (DeStefano 
2002, Schulte et al. 2006), adding to a small but expanding list of other experimental 
research on this issue (see also Schmiegelow et al. 1997, Harrison et al. 2005, 
Walter and Maguire 2005, Hanowski et al. 2006).   
In the following sections I address community and individual bird response to 
overstory retention in the context of ecological forestry practices that seek to 
approximate the structural outcomes of natural disturbance.  Specifically, I discuss 
avian community response and individual species responses—including 
bird/vegetation associations, block effects, and use of harvest-created gaps and gap 
edges.  I then discuss ecological forestry lessons for management, and an important 
caveat of this study.  As my results indicate, responses to structural complexity by 
forest birds are complex, species specific, and require sufficient time before patterns 
become apparent.  
Bird Community Response 
 I detected an establishment year effect for abundance and richness, which 
indicated a significant deviation during the initial survey year (2003) from the general 
patterns over the ten-year period of the study (Fig. 4).  In particular, differences 
between control and treatments were not evident for abundance or richness in 2003.  
Differences emerged in 2005 with higher values for each response occurring within 
harvested treatments than unharvested controls, and this pattern continued through 
2012.  Several other studies investigating the response of birds to harvesting have 
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reported a delayed response in community-level effects, and have attributed the 
response to a “crowding effect” or to site fidelity (Whitcomb et al. 1981, Darveau et 
al. 1995, Schmiegelow et al. 1997, Leupin et al. 2004).  This pattern suggests that 
understanding longer-term trends in bird response to harvesting may require 
continued monitoring efforts beyond one or two years following harvest, and seems 
especially true for studies that include pre-harvest data as a before-and-after 
comparison. 
 Accounting for the establishment-year effect in the data, I found increasing 
trends over time for both avian abundance and richness in treatment stands relative 
to the unharvested controls (Table 5; Table 6).  I also found higher levels of avian 
abundance and richness in overstory treatments than controls in all survey years 
except 2003.  These findings support my first two predictions, and I attribute the 
results to increased structural heterogeneity—both spatial and temporal—in 
treatments stands compared to control sites resulting from establishment of the 
experiment and subsequent vegetation response (Bourque and Villard 2001, Lance 
and Phinney 2001, Flapohler et al. 2002).  Between 2003 and 2008 small-sized 
deciduous trees (< 10 cm) and shrub abundance showed strong responses within 
the overstory treatments to stand manipulation (Fig. 3), and most certainly added 
complexity and niche space beneficial to avian species.  My third prediction—
increasing abundance and richness with increasing aggregation—was largely not 
supported; I detected greater richness in large gap and dispersed retention 
treatments than small gap retention treatments in recent survey years, but no 
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difference between large gap and dispersed stands (Fig.4).  The exact reasons 
behind this pattern are not clear, but may be related to the larger increases in shrub 
and small deciduous tree abundance that occurred within dispersed treatments 
compared to aggregated stands (Fig. 3).  For example, Schulte and Niemi (1998) 
found forest songbirds in northern Minnesota to respond positively to understory 
vegetation regeneration.  Despite differences in avian richness among overstory 
treatment stands in recent years, and research at this experimental site by Boyden 
et al. (2012) documenting differences in resource availability to the plant community 
between overstory treatment stands, the ability to detect differences in the change 
over time at the bird community level may require more than a decade before 
differences in resource availability become sufficiently apparent.  Further, our ability 
to detect differences at the bird community level may be limited by the size of our 
treatment stands (~8-ha) or the small number of block repetitions. 
 Dividing community-level responses according to nesting and foraging guilds 
revealed important patterns in community structure.  In general, among overstory 
treatments abundance appears to be increasing over time within all guilds except 
aerial foragers, whereas abundance appears unchanging within unharvested 
controls.  Richness within guilds appears to be largely stable, with slight increases in 
shrub and tree nesting species and foliage gleaning species.  The general 
increasing trend in avian abundance but not richness may be due to continued 
vegetation development in harvested treatments that already contain a mature 
canopy layer (Willson 1974).   
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Notably, cavity-nesting birds occurred at very low abundances within this 
experimental site; 12 species have been recorded since experimental establishment 
and 11 species recorded in 2012, all at low abundances (Fig. 5; Appendix C).  The 
low occurrence of cavity-nesting birds may be associated with the lack of large 
snags throughout the study site (Fig. 3), since density of cavity-nesting species has 
been shown to be positively correlated with the size of snags (Mannan et al. 1980).  
In 2012, eight of 11 cavity nesting species recorded were primary cavity excavators.  
Given the relationship between primary and secondary cavity-nesting birds (Martin 
et al. 2004), the lack of large snags may partially account for the low proportion of 
secondary cavity-nesting birds due to low habitat availability for primary cavity-
nesting species.  The low overall occurrence of cavity-nesting birds may also explain 
a lack of difference in abundance and richness between harvested treatments and 
unharvested controls (Fig. 5).  
 Ground nesting species also occurred at low abundance and richness levels 
in 2012.  Differences in abundance between overstory treatments and unharvested 
controls were not apparent, and only the large gap treatment showed greater 
richness than found in unharvested controls.  While the lack of difference is unclear, 
higher richness in only the large gap treatment compared to the unharvested control 
suggests that openings created through harvesting may be large enough to support 
certain ground-nesting species not found in small gap or dispersed treatments, as 
well as support some typically forest interior species within the unharvested matrix 
habitat.  Additionally, the lack of difference for ground-nesting species abundance 
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and richness between brushed and unbrushed understory treatments suggests that 
the elimination of low, dense vegetation through brushing does not provide 
conditions dissimilar to unbrushed sites.       
 Conversely, in 2012 the abundance and richness of shrub and tree nesting 
birds was much higher in treatment stands, with a noticeable drop in control 
treatments, largely consistent with my guild hypotheses.  Though not statistically 
significant, shrub and tree nesting species richness appeared to be greater in the 
large gap treatment among overstory treatments, consistent with my prediction.  I 
attribute this to the high level of stand heterogeneity created through harvesting; the 
larger (0.3 ha) harvest openings combined with a relatively dense unharvested 
matrix.  Likewise, shrub and tree nesting species abundance was highest in 
dispersed retention, though not statistically significant among overstory treatments 
(Fig. 5).  Higher small-sized deciduous tree and shrub response in the dispersed 
retention among the overstory treatments may help explain this trend (Fig. 3).  
Higher hazel (Corylus spp.) production was predicted by Palik and Zasada (2003) at 
this experiment due in part to the amount and consistency of resource availability 
(i.e., light and nutrients) relative to aggregated treatments.  While shrub response 
may potentially be stronger within aggregate retention harvest gaps, light conditions 
are much lower within the unharvested matrix, and thus overall shrub and small-
deciduous tree response may be weaker.  Dispersed retention on the other hand 
may exhibit a weaker response locally compared to a particular aggregate gap, but 
show a stronger overall vegetative response, as Fig. 3 suggests.  Moreover, despite 
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dispersed and aggregated treatments having an overlapping bird community (Fig. 
10), the overall amount and consistency of small-sized trees and shrubs within the 
dispersed treatments may account for the slightly (but not significant) higher 
community abundance due to vegetative development (Willson 1974).   
Individual species, vegetation associations, and harvest-created gap use 
Species with increasing trends in abundance over time regardless of 
overstory treatment (including control) include Blackburnian Warbler, Brown Creeper 
(Certhia americana), Nashville Warbler, and Red-breasted Nuthatch (Table 16).  
With the exception of Nashville Warbler, these species are typically associated with 
more mature forest habitat (Hejl et al. 2002, Morse 2004, Lowther et al. 2011).  The 
trends for Blackburnian Warbler and Brown Creeper are particularly noteworthy 
since these two species initially declined in abundance in this experiment through 
three years post-harvest (Atwell et al. 2008).  One possible explanation for the 
discrepancy between my results and those obtained by Atwell et al. (2008) is simply 
the difference in time since harvest; initial declines in abundance may have 
preceded a slow gradual increasing occurrence as time since harvest accrued.  For 
example, Chambers et al. (1999) reported that Brown Creeper continued to use 
partial harvest sites at a lower abundance, though no nesting was observed.  Also 
worth noting is that Brown Creeper abundance was higher in stands where 
understory brush was removed (Table 18).  The slight increasing trend in abundance 
over time and higher use of brushed areas suggests that lack of a shrub layer may 
be an important consideration for Brown Creeper.  Though less obvious for pine 
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species, bark coarseness tends to vary by tree height, with the coarsest bark 
occurring low on the tree and becoming less coarse higher up the stem.  As the 
spatial distribution of insects has been shown to be vertically stratified (Wardhaugh 
et al. 2006), I hypothesize that a shorter understory vegetation layer facilitates 
increased mobility for Brown Creepers to move about the lower portions of a tree 
where bark coarseness—and thus invertebrate abundance—is greater.  As with the 
understory brushed treatments, a shorter understory is also characteristic of the 
denser, unharvested control treatments of this study which represent more typical 
Brown Creeper habitat.  Thus the importance of a minimally obstructed tree stem 
profile—particularly lower on the vertical tree profile—may account for the increasing 
trend in abundance over time for Brown Creeper in our study.   
For two species, Black-and-white Warbler (Mniotilta varia) and Least 
Flycatcher, I found declining abundance trends over time, again in contrast to initial 
findings from this experiment (Table 16, Atwell et al. 2008).  Both species tend to be 
found more in mature forest (Kricher 1995, Briskie and Tarof 2008), though each has 
been found to occur in harvested areas (Schieck et al. 1999, Schieck and Hobson 
2000).  However, Norton and Hannon (1997) found Black-and-white Warbler only 
occurred in unharvested stands, suggesting the importance of unharvested areas.  I 
suspect that for Black-and-white Warbler the amount of mature forest is an important 
factor in determining abundance levels.  The declining trend in Least Flycatcher 
abundance may be confounded by their unique social characteristics and tendency 
to group in close proximity during the breeding season (Tarof and Briskie 2008).  
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Investigating differences between overstory treatments and unharvested 
controls for individual species revealed several patterns I attribute to early-
successional-like conditions resulting from harvesting.  Interestingly, individual 
species response also appears to be influenced by vegetation differences between 
experimental block.  For example, American Redstart, Chestnut-sided Warbler, and 
Mourning Warbler occurred in higher abundances in overstory treatments than in 
controls (Table 16; Table 17).  All three species prefer the more open conditions of 
second growth forest with adequate shrub cover, as found within the overstory 
treatment sites (Pitocchelli 2011, Richardson and Brauning 2013, Sherry and 
Holmes 1997).  While Chestnut-sided Warbler and Mourning Warbler were recorded 
throughout harvested treatments regardless of experimental block, American 
Redstart strongly avoided block five (a single observation at block five was made in 
2012 [Fig. 9]).  American Redstart typically nests in a small tree or large shrub 
higher off the ground, whereas Chestnut-sided Warbler and Mourning Warbler nest 
primarily lower in shrubs or, in the case of the Mourning Warbler, directly on the 
ground (Pitocchelli 2011, Richardson and Brauning 2013).  Small-sized deciduous 
trees were few in number at block five compared to the other blocks (Fig. 8), which I 
expect helps explain the lack of American Redstarts there.   
Veery, which also favors disturbed forested areas with understory 
development (Bevier et al. 2008), occurred in association with overstory treatments 
in blocks one, two, and three (Fig. 9).  Although the reasons behind this pattern are 
unclear, particularly considering the presence of Mourning Warbler at block five 
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(both species prefer a thick understory), I attribute the low presence of Veery at 
block five to the lack of small deciduous trees (Fig. 8).  Veery often nests on the 
ground beneath or low in the crotch of a small tree or large shrub, whereas Mourning 
Warbler primarily nests on the ground beneath a clump of shrubs (Bevier et al. 2005, 
Pitocchelli 2011).  Though a subtle distinction, it may account for the lower 
abundance of Veery at block five treatments (Fig. 9). 
I found significant trends in individual species use of harvest-created gaps 
and edges that varied depending on both overstory (large gap or small gap 
retention) and understory treatment, which I believe is in response to increasing 
vegetative heterogeneity following harvesting.  The proportion of gap use for 
American Redstart, Chestnut-sided Warbler, and Mourning Warbler was high, with a 
significant increasing trend for American Redstart and Chestnut-sided Warbler (Fig. 
11, Table 20).  For Chestnut-sided Warbler and Mourning Warbler the proportion of 
gap use was higher in large gap than small gap treatments, which may indicate that 
the more open, shrubby habitats these two species are found in is better 
represented by the larger harvest-created openings of this experiment (Pitocchelli 
2011, Richardson and Brauning 2013).  American Redstart was found more often in 
gaps with the understory left unbrushed regardless of overstory treatment (Fig. 11, 
Table 20), consistent with this species overall higher abundance in unbrushed 
stands (Table 18).  The structural difference between the brushed and unbrushed 
understory treatments likely provides more suitable nesting habitat, as well as 
provides enhanced feeding opportunities and is furthermore consistent with this 
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species occurrence in blocks one, two, and three, and avoidance of block five 
associated with variation in vegetation structure (Fig. 9, Fig. 8). 
Three species (Chipping Sparrow, Pine Warbler, Red-eyed Vireo) were found 
to use gaps moderately, exhibit increasing trends in the use of gaps, and use large 
gaps in greater proportion than small gaps (Fig. 11).  Pine Warbler presence has 
been positively associated with percent canopy closure, but also occurs in thinned 
pine plantations (Rodewald et al. 1999).  The presence of Pine Warblers is likely due 
to the use of edge areas associated with harvest-gaps rather than actual use of 
gaps.  I have made no personal observations of Pine Warbler using gap areas other 
than for crossing to other overstory trees.  The use of gap areas by Chipping 
Sparrow and Red-eyed Vireo likely reflects the edge habitat and vegetation 
development resulting from harvesting.  The delayed use of harvest gaps by the 
Red-eyed Vireo likely reflects this species strong preference for an established 
understory deciduous component (Cimprich et al. 2000); I expect the increased use 
of gaps over time is in response to continued understory development.  Chipping 
Sparrow has a strong association with open wooded areas, and is likely responding 
to the harvest gaps shrubby vegetation structure (Middleton 1998). 
In contrast to the moderate to high use of harvest-created gaps and edge 
areas, two species—Ovenbird and Red-breasted Nuthatch—avoided these areas, 
although both species show a slight increase in use in recent years (Fig. 11).  A well-
documented forest interior species, the slight increase in gap use I found for the 
Ovenbird may be associated with post-fledgling period habitat broadening (Porneluzi 
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et al. 2011).  Red-breasted Nuthatch, a strong conifer-associated species 
(Ghalambor and Martin 1999), is probably using edge areas of aggregated retention 
stands for foraging as opposed to using the actual gaps. 
For all bird species where gap data were analyzed, the proportion of 
observations made in large gap stands was either significantly greater, or showing a 
greater trend than for small gap treatments (Fig. 11).  Two immediate, potential 
reasons for this are: (1) large gap stands create larger, more attractive 
heterogeneous conditions for these bird species, or (2) our ability to accurately 
record gap and edge use is limited with the smaller gaps.  Given the size of the 
small gaps (0.1 ha) it seems reasonable that accurate bird detection and use of gaps 
occurred; however, detectability differences may be an unavoidable reality.   
Across all survey years, nine species recorded within our study site are 
identified as Partners in Flight species of regional importance (PIF 2012), and an 
additional four species are identified by the US Forest Service as regionally sensitive 
(Appendix C).  None of the identified species showed evidence of an increasing or 
decreasing trend over time, and with the exception of Veery all appear to occur 
within the experimental area at low abundances (specific results for these species 
not reported).  Certain species identified as a species of concern such as the Black-
backed Woodpecker are strongly tied to severely burned habitat (Hutto 1995, Hutto 
2006, Hutto 2008), while others such as Black-throated Blue Warbler, Olive-sided 
Flycatcher, and Canada Warbler (Cardellina canadensis) are at the southern edge of 
their breeding range or primarily occur in different habitat than present at our site 
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(Holmes et al. 2005, Reitsma et al. 2010, Altman and Sallabanks 2012).  Species 
occurring at the southern edge of their range may only continue to occur at low 
densities or decline as ranges of many songbirds shift north in response to a 
changing climate (Zuckerberg et al. 2009, McDonald et al. 2012). 
The role of ecological forestry:  lessons for management 
 The spatial pattern of overstory retention is an important consideration in 
ecological forestry approaches that emulate natural canopy disturbance (Franklin et 
al. 2007).  Individual species response to the spatial patterns created through 
harvesting varied by the size of harvest-created gaps, and for the majority of 
species, responses increased over time likely in accordance with understory 
vegetation development.  The presence or absence of understory vegetation also 
influenced the abundance of some bird species.  Birds that responded positively to 
harvest-created gaps tended to be more open-forest species (e.g., American 
Redstart, Chestnut-sided Warbler, Mourning Warbler) while some other species 
more characteristic of undisturbed forest (e.g., Ovenbird, Red-breasted Nuthatch) 
avoided these areas.  American Redstart favored more developed understory 
conditions whereas Brown Creeper—a forest interior species—was more abundant 
where understory brushing occurred, regardless of overstory treatment. 
 Ten years post-harvest my results show that bird abundance and richness 
continue to increase in overstory treatments while unharvested areas remain 
relatively unchanged.  Overstory retention treatments also provide habitat for a 
distinct but overlapping bird community with the unharvested control stands, 
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consistent with other community response studies (Flaspohler et al. 2002, Schieck 
and Song 2006).  My results show that overstory retention designed to approximate 
natural disturbance outcomes can provide habitat for an abundant, diverse forest-
bird community, and create habitat suitable for many early-successional species.  
Despite this, my data show that overstory retention of 50% is insufficient to maintain 
suitable habitat for some interior forest species, such as the Ovenbird (Table 16).  
Moreover, the extent to which overstory retention can reasonably approach the level 
of structural complexity maintained by natural forest processes is unclear, and may 
require sufficient time before becoming more fully understood.   
 Bird communities following harvest have been shown to differ from those 
following a natural fire disturbance in several studies (Hutto 1995, Schulte and Niemi 
1998, Hobson and Schieck 1999, Schieck and Hobson 2000, Hutto 2006).  Of 
particular concern was the reduction or loss of cavity-dependent species in 
harvested areas from a lack of snag abundance.  Snags play an important role in 
forest ecosystems (Franklin 1987).  I found the number of snags per hectare to be 
low throughout the overstory retention treatments (Fig. 3), which probably accounts 
for the low abundance and richness of cavity-nesting species in this study (Fig. 5).  
Woodpeckers have been shown to be a reliable indicator of avian community 
richness and forest health (Drever et al. 2008).  Where management goals include 
maintaining structurally complex forests, strategies to enhance and preserve 
adequate numbers of snags should be a key priority.  Yet even concentrated effort 
on snag management likely will not be sufficient for some disturbance sensitive 
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species (Hutto 2006).  For example, management for Black-backed Woodpeckers—
a US Forest Service regionally sensitive species in northern Minnesota—may 
require strategies beyond maintaining snags through overstory retention and include 
areas within the working forest where natural disturbance processes (specifically, 
severe fire) are encouraged. 
 Studies estimating the response of forest birds to harvest practices suggest 
the overall amount of intact forest may be of more importance to birds than the 
spatial configuration of remaining forest (Imbeau et al. 2001, Droblet et al. 1999).  
For species with specific habitat requirements or conditions this may be especially 
true (Schieck and Song 2006).  However, the results of our study demonstrate the 
importance of considering spatial arrangement of retained trees when developing 
management plans for the maintenance of forest biodiversity. 
Study Caveat 
 One caveat worth pointing out is that my study does not measure avian 
productivity, a more direct measure of habitat quality.  While abundance data are 
frequently used to infer habitat quality, a certain degree of caution is warranted (Van 
Horne 1983).  For example, nest predation may vary by forest patch size (Wilcove 
1985) and may bias male singing frequency (Robertson et al. 2010).  Moreover, 
unpaired males may sing more frequently than their paired counterparts, creating 
obvious challenges for surveyors (Gibbs and Wenny 1993).  Precaution should be 
taken when interpreting certain results of this study.  For instance, my analysis 
suggests an increasing trend over time for Brown Creeper regardless of overstory 
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treatment, despite literature suggesting this species to be a characteristic forest 
interior-dwelling bird (Hejl et al. 2002).  This is a key example where caution should 
be advised where management is concerned.  Brown Creepers may well in fact use 
treatment areas for foraging or nest material collection, while reserving nesting 
activities for unharvested stands.  Assessment of species behavioral response is a 
logical next step for this experiment. 
Conclusion 
 Results of this study were generally consistent with my hypotheses.  My 
analysis suggests continued response of the songbird community to variable 
retention harvesting ten years after harvest, consistent with my first hypothesis; 
overstory treatment stands continue to increase in bird abundance and species 
richness while response to unharvested control stands generally remains 
unchanged.  My second hypothesis—that avian abundance and richness response 
would be greater in overstory treatments compared to unharvested controls—was 
also supported.  While community-level differences were not apparent among 
overstory or between understory treatments (in contrast to my third hypothesis), 
guild-and species-based analysis revealed subtler differences in response, 
consistent with my fourth and fifth hypotheses.  Separating the bird community by 
guilds suggested that all guilds except aerial foragers—for which I found a 
decreasing trend over time in abundance and species richness—are either 
remaining unchanged or slightly to moderately increasing over time. Individual 
species responded to both overstory and understory treatments.  Responses were 
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most apparent with more open-canopy species, although some forest interior 
species responded to the understory treatment.  The use of harvest-created gaps 
was apparent for several species, while others highly avoided gap openings.  
Species use of gap areas demonstrates that the spatial arrangement of retained 
trees influences the way birds interact with the post-harvest stand.  Overall declines 
by some moderate forest interior species were observed regardless of treatment.  A 
lack of cavity-dependent species suggests a need for increased focus on 
maintaining snags as part of a biodiverse working forest. 
 This research suggests that silvicultural approaches designed to approximate 
natural disturbance processes and patterns can create habitat suitable for the forest-
dwelling bird community while providing local economic benefits.  Although this 
experiment does emulate some aspects of historical forest conditions, lack of snags 
and downed woody debris suggests that some segment of the bird community will 
not be represented.  Forest management efforts seeking to maintain a biodiverse 
system should use broad approaches for creating complexity within forest stands 
and landscapes. 
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Table 1.  Hypothesized effects of overstory treatments on avian guilds. 
 
 
 
 
 
 
 
 
 
Guild Category Guild Class Control Dispersed Small Gap Large Gap
Nest Shrub or Tree Lowest Highest Lower Higher
Cavity Highest Lowest Lower Higher
Ground Lowest Lower Higher Highest
Forage Foliage Lowest Highest Lower Higher
Aerial Lowest Highest Lower Higher
Bark Highest Lowest Lower Higher
Ground Lowest Lower Higher Highest
Guild Category Control Dispersed Small Gap Large Gap
Nest Shrub or Tree Lowest Lower Higher Highest
Cavity Highest Lowest Lower Higher
Ground Lowest Lower Higher Highest
Forage Foliage Lowest Lower Higher Highest
Aerial Lowest Lower Higher Highest
Bark Highest Lowest Lower Higher
Ground Lowest Lower Higher Highest
Community Richness
Community Abundance
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Table 2.  Vegetation variables and associated size classes used for analysis.  Each 
large-sized tree class was determined variable-wise using the 75th percentile of trees 
≥ 10 cm dbh. 
 
 
Table 3.  Observed species during years 2003 and 2012 and their correlations with 
axes from non-metric multidimensional scaling (NMS) ordination. 
 
Alive Basal Area N/A
Dead Basal Area N/A
Large-sized snags/ha ≥ 25.30
Medium-sized snags/ha ≥ 10 and < 25.3
Small-sized snags/ha < 10
Large-sized deciduous trees/ha ≥ 22.80
Medium-sized deciduous trees/ha ≥ 10 and <22.80
Small-sized deciduous trees/ha < 10
Large-sized conifer trees/ha ≥ 39.50
Medium-sized conifer trees/ha ≥ 10 and < 39.50
Small-sized conifer trees/ha < 10
Shrubs/ha N/A
DBH size class 
(cm)
Variable
Bird species Axis 1, r Axis 2, r
Turkey Vulture (Cathartes  aura ) 0.21 0.16
Bald Eagle (Haliaeetus  leucocephalus ) 0.07 0.11
Red-tailed Hawk (Buteo  jamaicensis ) 0.00 0.00
Sharp-shinned Hawk (Accipiter  striatus ) -0.22 -0.01
Ruffed Grouse (Bonasa  umbellus )b 0.24 0.12
Ruby-throated Hummingbird (Archilochus  colubris ) 0.23 0.35
Northern Flicker (Colaptes  auratus )a 0.42 0.38
Yellow-bellied Sapsucker (Sphyrapicus  varius ) 0.38 0.20
Downy Woodpecker (Picoides  pubescens ) 0.08 -0.03
Hairy Woodpecker (Picoides  villosus ) 0.25 0.18
Black-backed Woodpecker (Picoides  arcticus )b -0.21 0.08
Piliated Woodpecker (Dryocopus  pileatus ) 0.32 0.35
Eastern Wood-Pewee (Contopus  virens )a 0.19 -0.02
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Table 3. (continued) 
 
Bird species Axis 1, r Axis 2, r
Alder Flycatcher (Empidonax  alnorum ) 0.13 0.09
Least Flycatcher (Empidonax  minimus ) 0.09 -0.33
Great Creasted Flycatcher (Myiarchus  crinitus ) 0.24 0.20
Yellow-throated Vireo (Vireo  flavifrons ) 0.27 0.13
Blue-headed Vireo (Vireo  solitarius ) 0.36 0.28
Red-eyed Vireo (Vireo  olivaceus ) 0.63 0.24
Blue Jay (Cyanocitta  cristata ) 0.27 0.35
Gray Jay (Perisoreus  canadensis ) 0.10 0.27
American Crow (Corvus  brachyrhynchos ) 0.22 0.23
Common Raven (Corvus  corax ) -0.03 0.23
Black-capped Chickadee (Poecile  atricapillus ) 0.08 0.19
Brown Creeper (Certhia  americana ) 0.16 0.37
White-breasted Nuthatch (Sitta  carolinensis ) 0.25 0.16
Red-breasted Nuthatch (Sitta  canadensis ) 0.43 0.75
Golden-crowned Kinglet (Regulus  satrapa ) 0.10 0.27
Eastern Bluebird (Sialia  sialis ) 0.22 0.08
Wood Thrush (Hylocichla  mustelina )a 0.03 0.22
Veery (Catharus  fuscescens )a 0.58 0.38
Hermit Thrush (Catharus  guttatus ) 0.28 0.46
American Robin (Turdus  migratorius ) 0.29 0.20
Cedar Waxwing (Bombycilla  cedrorum ) 0.55 0.27
Golden-winged Warbler (Verminvora  chrysoptera )a,b 0.15 0.02
Tennessee Warbler (Oreothlypis  peregrina ) 0.03 -0.12
Nashville Warbler (Oreothlypis  ruficapilla ) 0.55 0.67
Northern Parula (Setophaga  americana ) -0.09 0.31
Chestnut-sided Warbler (Setophaga  pensylvanica ) 0.82 0.65
Cape May Warbler (Setophaga  tigrina ) 0.09 -0.20
Magnolia Warbler (Setophaga  magnolia ) 0.07 0.18
Yellow-rumped Warbler (Setophaga  coronata ) -0.07 -0.23
Black-and-white Warbler (Mniotilta  varia ) 0.32 0.21
Blackburnian Warbler (Setophaga  fusca ) 0.10 0.39
Black-throated Green Warbler (Setophaga  virens ) -0.28 0.34
Bay-breasted Warbler (Setophaga  castanea )b 0.28 0.25
Blackpoll Warbler  (Setophaga  striata ) -0.10 -0.13
Pine Warbler (Setophaga  pinus ) 0.60 0.09
Palm Warbler (Setophaga  palmarum ) 0.13 0.04
Yellow Warbler (Setophaga  petechia ) 0.23 0.19
Mourning Warbler (Geothlypis  philadelphia ) 0.59 0.55
Ovenbird (Seiurus  aurocapilla ) -0.01 0.34
Common Yellowthroat (Geothlypis  trichas ) 0.20 0.15
American Redstart (Setophaga  ruticilla ) 0.65 0.35
Scarlet Tanager (Piranga  olivacea )a 0.33 0.27
Chipping Sparrow (Spizella  passerina ) 0.47 0.09
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Table 3. (continued) 
 
 
Table 4. Number of species recorded only within overstory treatments or 
unharvested control treatments during each survey year. 
 
 
 
 
 
 
Bird species Axis 1, r Axis 2, r
White-throated Sparrow (Zonotrichia  albicollis ) 0.39 0.37
Rose-breasted Grosbeak (Pheucticus  ludovicianus ) 0.47 0.37
Indigo Bunting (Passerina  cyanea ) 0.23 0.19
Brown-headed Cowbird (Molothrus  ater ) 0.04 -0.04
Purple Finch (Haemorphous  purureus ) 0.14 0.05
Red Crossbill (Loxia  curvirostra ) 0.28 0.55
Pine Siskin (Spinus  pinus ) 0.22 0.08
American Goldfinch (Spinus  tristis ) 0.17 0.14
Evening Grosbeak (Coccothraustes  vespertinus )a -0.09 -0.18
a Identified as a species of regional importance (PIF, 2012)
b Listed as a regionally sensitive species (US Forest Service, 2006)
2003 7 15
2005 4 23
2007 4 24
2009 2 17
2011 1 19
2012 2 25
Overstory 
Treatments
Unharvested 
Controls
Survey Year
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Table 5.  Bird community abundance displaying (A) block effects and (B) change 
over time.  Changes in values represent the median multiplicative effect of going 
from the intercept (reference) location to one of the other blocks or overstory 
treatments.  The intercept is 2012, block 4, unharvested control overstory treatment, 
unbrushed control understory treatment.  The intercept value for block is in birds/ha, 
while the value for change over time represents a (multiplicative) yearly rate of 
change 
*significance < 0.05; **significance < 0.01 
 
  
(A)
Block Intercept 4.63 3.97 5.4 N/A
1 1.29 1.12 1.49 12-49% **
2 1.33 1.16 1.53 16-53% **
3 1.36 1.18 1.57 18-57% **
(B)
Change over time Intercept 1.00 0.98 1.02 ns
Dispersed 1.07 1.05 1.10 5-10% **
Small Gap 1.05 1.03 1.08 3-8% **
Large Gap 1.06 1.04 1.09 4-9% **
Overstory Treatment
Multiplicative Effect
Experimental block
Multiplicative 
Effect
Upper 
(97.5%)
Lower 
(2.5%)EstimateEffect
Multiplicative Effect
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Table 6.  Bird community richness displaying (A) block effects, and (B) change over 
time.  Changes in values represent the mean additive effect of going from the 
intercept (reference) location to one of the other blocks or overstory treatments.  The 
intercept is 2012, block 4, unharvested control overstory treatment, unbrushed 
control understory treatment.  The intercept value for block is in species/ha, while 
intercept for change over time represents an additive yearly rate of change. 
*significance < 0.05; **significance < 0.01 
 
  
(A)
Block Intercept 2.68 2.37 3.00 N/A
1 0.20 -0.06 0.45 ns
2 0.43 0.18 0.69 0.18-0.69 **
3 0.41 0.15 0.66 0.15-0.66 **
(B)
Change over time Intercept 0.04 0.00 0.09 ns
Dispersed 0.09 0.03 0.15 0.03-0.15 **
Small Gap 0.04 -0.02 0.10 ns
Large Gap 0.09 0.03 0.15 0.03-0.15 **
Additive Effect
Effect Estimate Lower (2.5%)
Upper 
(97.5%) Additive Effect
Area
Overstory Treatment
Additive Effect
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Table 7.  Estimated differences for community abundance in 2012.  Estimates are 
presented as birds per hectare for interpretability, but significance is based on log-
transformed values. 
 
 
Table 8.  Estimated differences for species richness in 2012.  Estimates are 
interpreted as species per hectare. 
 
 
Table 9.  Estimated differences for bird diversity in 2012. 
6.52 5.06 7.98 9.59 < 0.01
4.30 2.85 -5.76 7.31 < 0.01
5.81 4.35 -7.26 9.04 < 0.01
2.22 0.76 3.67 2.28 0.13
0.71 -0.75 2.17 0.55 0.95
1.51 0.05 2.96 1.73 0.33
Dispersed - Large Gap
Large Gap - Small Gap
Dispersed - Control
Small Gap - Control
Large Gap - Control
Dispersed -Small Gap
Upper 
(97.5%)Estimate t-value p-valueDifference in Least-square Means
Lower 
(2.5%)
1.10 0.65 1.55 6.55 < 0.01
0.81 0.35 1.26 4.79 < 0.01
1.44 0.99 1.89 8.55 < 0.01
0.30 -0.16 0.75 1.76 0.31
-0.34 -0.79 0.12 -2.00 0.21
0.63 0.18 1.08 3.76 < 0.01
Difference in Least-square Means Estimate
Lower 
(2.5%)
Large Gap - Small Gap
Upper 
(97.5%) t-value p-value
Dispersed - Control
Small Gap - Control
Large Gap - Control
Dispersed -Small Gap
Dispersed - Large Gap
0.07 -0.09 0.29 1.42 0.50
0.10 -0.09 0.29 1.44 0.49
0.25 0.05 0.44 3.46 < 0.01
0.00 -0.19 0.19 -0.01 1.00
-0.14 -0.34 0.05 -2.04 0.20
0.14 -0.05 0.34 2.03 0.20
Dispersed - Control
Small Gap - Control
Large Gap - Control
Dispersed -Small Gap
Dispersed - Large Gap
Large Gap - Small Gap
Difference in Least-square Means Estimate
Lower 
(2.5%)
Upper 
(97.5%) t-value p-value
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Table 10.  Type 3 fixed effects for community nesting and foraging guild analysis. 
Effect F p-Value F p-Value F p-Value F p-Value
Establishment 21.26 < 0.01 14.08 < 0.01 43.27 < 0.01 15.89 < 0.01
Change over time 65.87 < 0.01 34.71 < 0.01 14.65 < 0.01 30.22 < 0.01
Block 2.06 0.17 6.36 0.01 10.89 < 0.01 4.79 0.03
Guild 485.37 < 0.01 958.42 < 0.01 209.22 < 0.01 399.32 < 0.01
Overstory treatment 15.49 < 0.01 27.02 < 0.01 14.24 < 0.01 22.41 < 0.01
Understory treatment 0.63 0.43 0.74 0.39 2.56 0.11 0.5 0.48
Change over time*guild 3.42 0.03 16.23 < 0.01 44.68 < 0.01 53.92 < 0.01
Overstory treatment*guild 2.37 0.03 3.84 < 0.01 4.75 < 0.01 4.66 < 0.01
Understory treatment*guild 0.69 0.50 0.61 0.55 1.72 0.16 2.67 0.05
Overstory*understory treatment 0.48 0.70 0.82 0.49 0.22 0.88 0.55 0.65
Overstory*understory treatment*guild 0.63 0.70 0.77 0.60 1.11 0.36 0.94 0.49
Change over time*overstory treatment 8.15 < 0.01 5.06 < 0.01 3.35 0.02 3.76 0.01
Change over time*overstory treatment*guild 1.45 0.20 1.17 0.32 1.51 0.14 1.19 0.30
Change over time*understory treatment*guild 1.88 0.13 0.32 0.81 0.28 0.89 0.25 0.91
Nesting Guild
Abundance Richness
Foraging Guild
Abundance Richness
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Table 11.  Multiplicative yearly rate of change (percent) for abundance separated by 
guild class and overstory treatment (there is no reference location; i.e., rates are 
exclusive to each overstory treatment). 
 
  
Nest Guild Cavity (n = 12) Control 1.03 0.99 1.08
Dispersed 1.07 1.03 1.12
Large Gap 1.04 1.00 1.09
Small Gap 1.11 1.06 1.16
Ground (n = 16) Control 1.01 0.97 1.06
Dispersed 1.14 1.10 1.19
Large Gap 1.09 1.05 1.14
Small Gap 1.12 1.08 1.17
Tree or Shrub (n = 50) Control 1.01 0.97 1.05
Dispersed 1.08 1.04 1.13
Large Gap 1.08 1.04 1.13
Small Gap 1.05 1.00 1.09
Forage Guild Aerial (n = 10) Control 0.93 0.89 0.97
Dispersed 0.95 0.91 1.00
Large Gap 0.95 0.91 0.99
Small Gap 0.89 0.85 0.93
Bark (n = 9) Control 1.03 0.98 1.08
Dispersed 1.09 1.04 1.15
Large Gap 1.08 1.03 1.14
Small Gap 1.08 1.03 1.14
Foliage (n = 32) Control 1.04 0.99 1.09
Dispersed 1.15 1.10 1.20
Large Gap 1.14 1.09 1.20
Small Gap 1.13 1.08 1.18
Ground (n = 23) Control 1.01 0.97 1.06
Dispersed 1.01 0.97 1.06
Large Gap 1.00 0.96 1.05
Small Gap 1.04 0.99 1.08
Multiplicative 
change
Upper CILower CIGuild 
Category
Type of Guild Overstory 
Treatment
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Table 12.  Additive Yearly rate of change for species richness per hectare separated 
by guild class and overstory treatment. 
 
  
Nest Guild Cavity (n = 12) Control -0.01 -0.03 0.02
Dispersed 0.01 -0.01 0.04
Large Gap 0.01 -0.02 0.03
Small Gap 0.01 -0.02 0.04
Ground (n = 16) Control 0.01 -0.02 0.04
Dispersed 0.04 0.01 0.07
Large Gap 0.04 0.02 0.07
Small Gap 0.03 0.00 0.05
Tree or Shrub (n = 50) Control 0.03 0.00 0.06
Dispersed 0.09 0.06 0.11
Large Gap 0.09 0.06 0.12
Small Gap 0.03 0.01 0.06
Forage Guild Aerial (n = 10) Control -0.03 -0.05 0.00
Dispersed -0.02 -0.05 0.00
Large Gap -0.01 -0.04 0.01
Small Gap -0.03 -0.05 -0.01
Bark (n = 9) Control 0.00 -0.03 0.02
Dispersed 0.02 0.00 0.05
Large Gap 0.02 0.00 0.04
Small Gap 0.00 -0.03 0.02
Foliage (n = 32) Control 0.04 0.02 0.06
Dispersed 0.10 0.08 0.13
Large Gap 0.09 0.07 0.12
Small Gap 0.08 0.06 0.11
Ground (n = 23) Control 0.02 -0.01 0.04
Dispersed 0.02 0.00 0.04
Large Gap 0.02 0.00 0.05
Small Gap 0.02 -0.01 0.04
Increase 
(species/ha)
Lower CI Upper CIOverstory 
Treatment
Guild 
Category
Type of Guild
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Table 13.  Observed vegetation variables and their correlations with axes from non-
metric multi-dimensional scaling (NMS) ordination.  
 
 
 
 
Vegetation variable Axis 1, r Axis 2, r
Alive basal area 0.93 -0.18
Dead basal area 0.68 -0.25
Large-sized snags/ha 0.38 -0.45
Medium-sized snags/ha 0.77 0.10
Small-sized snags/ha 0.69 0.15
Large-sized deciduous trees/ha 0.15 -0.53
Medium-sized deciduous trees/ha 0.46 -0.32
Small-sized deciduous trees/ha -0.03 -0.64
Large conifer trees/ha 0.75 -0.17
Medium-sized conifer trees/ha 0.88 -0.01
Small-sized conifer trees/ha 0.72 0.20
Shrubs/ha -0.22 -0.33
74 
 
 
Table 14.  Observed bird species and their correlations with axes from non-metric 
multidimensional scaling (NMS) ordination from the 2009 survey season.  Four-letter 
species codes provided in Appendix C. 
 
Bird species Axis 1, r Axis 2, r
MALL -0.07 -0.18
BAEA 0.05 -0.18
SSHA -0.03 -0.08
CONI 0.22 -0.23
RUGR -0.01 0.09
COSN 0.10 -0.30
RTHU 0.08 -0.05
NOFL -0.10 -0.25
YBSA -0.11 -0.44
DOWO -0.03 0.14
HAWO -0.03 -0.10
BBWO 0.16 0.22
PIWO -0.19 0.21
OSFL -0.06 -0.13
EAWP -0.06 0.07
LEFL 0.52 -0.21
BHVI 0.44 -0.13
REVI -0.40 -0.31
BLJA -0.27 -0.38
GRJA 0.19 0.48
CORA -0.12 -0.04
BCCH 0.30 -0.18
BRCR -0.17 -0.14
WBNU -0.23 -0.07
RBNU 0.15 -0.17
RCKI 0.25 -0.08
VEER -0.56 -0.50
HETH -0.33 -0.02
AMRO 0.48 -0.34
CEDW -0.11 -0.22
GWWA 0.19 -0.17
TEWA -0.30 -0.22
NAWA 0.21 0.49
NOPA 0.00 0.29
CSWA 0.30 -0.84
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Table 14. (continued) 
 
 
Bird species Axis 1, r Axis 2, r
YRWA 0.35 0.12
BAWW -0.03 -0.08
BLBW -0.55 0.10
BTNW 0.20 0.54
PIWA -0.27 -0.52
MOWA 0.61 -0.63
CAWA -0.01 0.20
OVEN -0.54 0.41
COYE 0.04 -0.31
AMRE -0.52 -0.61
SCTA -0.27 -0.31
CHSP 0.12 -0.71
WTSP 0.68 -0.08
RBGR -0.30 -0.40
INBU -0.01 -0.26
PUFI 0.14 -0.10
AMGO -0.10 -0.12
EVGR 0.47 0.12
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Table 15.  Type 3 fixed effects for individual species.  Bird codes provided in Appendix C. 
p-Value p-Value p-Value p-Value p-Value p-Value p-Value
HAWO
EAWP
LEFL < 0.01 < 0.01 < 0.01
BHVI 0.02
REVI 0.01
BLJA 0.01
CORA
BCCH
BRCR < 0.01 < 0.01 0.05
RBNU 0.01 < 0.01
HETH 0.03 0.02
AMRO < 0.01 < 0.01 0.01
NAWA < 0.01
CSWA < 0.01 < 0.01 < 0.01 < 0.01
YRWA 0.05 0.02
BAWW < 0.01 < 0.01
BLBW < 0.01
BTNW 0.05 0.04
PIWA 0.02
MOWA 0.01 0.04
OVEN 0.01
AMRE < 0.01 < 0.01 < 0.01 < 0.01 < 0.01
CHSP < 0.01 0.01 0.01
RBGR 0.01 0.01
Establishment 
Year
Change over 
time
Block Change over 
time* Overstory
Overstory Understory Overstory* 
Understory
Bird 
species
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Table 16.  Multiplicative yearly change in individual species estimated mean 
abundance.  Superscript indicates significance (P ≤ 0.05) among treatments.  Bird 
codes provided in Appendix C. 
 
  
Dispersed Small Gap Large Gap
Bird Species CI CI CI CI
LEFL (0.73,0.85)a (0.78,0.88)ab (0.65,0.76)b (0.75,0.85)ab
BHVI (0.88,1.30)a (1.04,1.53)a (0.89,1.34)a (0.92,1.28)a
BRCR (1.23,1.67)a (1.13,1.78)a (1.27,1.86)a (1.27,1.77)a
RBNU (1.08,1.30)a (1.13,1.37)a (1.23,1.48)a (1.08,1.30)a
HETH (0.95,1.20)a (0.96,1.25)a (1.02,1.38)a (0.90,1.12)a
AMRO (0.69,1.06)a (0.80,0.98)a (0.74,0.94)a (0.88,1.04)a
NAWA (1.24,1.68)a (1.37,2.08)a (1.31,1.84)a (1.36,1.94)a
CSWA (0.90,1.08)a (1.13,1.24)b (1.13,1.24)b (1.13,1.24)b
YRWA (0.86,1.08)a (0.94,1.13)a (0.93,1.12)a (1.06,1.26)b
BAWW (0.65,0.97)a (0.76,1.13)a (0.44,0.84)a (0.79,1.25)a
BLBW (1.22,1.39)a (1.01,1.25)a (0.94,1.16)a (0.93,1.20)a
BTNW (0.96,1.24)a (1.04,1.74)a (1.00,1.41)a (0.51,1.07)b
AMRE (0.73,0.91)a (1.08,1.18)b (1.03,1.15)b (1.02,1.16)b
RBGR (0.86,1.95)a (1.00,1.41)a (0.95,1.37)a (0.95,1.31)a
Unharvested 
Control
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Table 17.  Individual bird species estimated mean abundance per hectare for 
overstory treatments and unharvested controls in 2012.  Superscript indicates 
significance (P ≤ 0.05) among treatments.  Bird codes provided in Appendix C. 
 
 
Table 18.  Individual bird species estimated mean abundance per hectare for 
understory treatment and unbrushed control in 2012.  Superscript indicates 
significance (P ≤ 0.05) between understory treatments.  Bird codes provided in 
Appendix C. 
 
  
Dispersed Small Gap Large Gap
Bird species CI CI CI CI
AMRO (< 0.01,0.10)a (0.07,0.27)ab (0.04,0.18)a (0.17,0.47)b
CSWA (0.13,0.41)a (1.88,3.48)b (1.80,3.34)b (1.89,3.5)b
YRWA (0.06,0.24)a (0.17,0.44)ab (0.15,0.40)ab (0.31,3.38)b
MOWA (< 0.01,0.07)a (0.38,0.88)b (0.32,0.76)b (0.39,0.89)b
OVEN (0.71,1.40)a (0.29,0.69)b (0.42,0.93)ab (0.26,0.62)b
AMRE (< 0.01,0.13)a (0.57,2.20)b (0.44,1.72)b (0.31,1.27)b
Unharvested 
Control
Unbrushed Brushed
Bird species CI CI
BRCR (0.07,0.22)a (0.16,0.35)b
AMRE (0.36,0.83)a (0.20,0.48)b
CHSP (0.38,0.59)a (0.51,0.78)b
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Table 19.  Individual bird species estimated mean abundance per hectare for overall 
treatment blocks in 2012.  Superscript indicates significance (P ≤ 0.05) between 
blocks.  Birds provided in Appendix C.  
Block 4 Block 3 Block 2 Block 1
Bird species CI CI CI CI
REVI (0.24,0.48)a (0.50,0.88)b (0.51,0.89)b (0.45,0.80)b
BTNW (0.04,0.34)a (0.01,0.09)b (0.01,0.10)b (0.01,0.12)ab
PIWA (0.26,0.46)a (0.41,0.67)bc (0.48,0.77)bc (0.41,0.67)ac
AMRE (0.03,0.18)a (0.52,1.97)b (0.35,1.33)b (0.28,1.13)b
CHSP (0.24,0.49)a (0.39,0.75)ab (0.42,0.80)ab (0.61,1.13)b
RBGR (0.02,0.11)a (0.10,0.30)b (0.12,0.34)b (0.02,0.11)a
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Table 20.  Individual species type 3 fixed effects for the proportion of total observations a species was detected using 
harvest-created gaps or gap edges.  For change over time, a (+) indicates an increasing trend in the use of an 
experimentally-created gap or gap edge.  For the overstory treatment a (+) indicates a species was found using a gap 
or edge area at a higher proportion within the large gap overstory treatment.  For the understory treatment a (+) 
indicates a species was found using a gap or edge at a higher proportion in the unbrushed understory treatment 
compared to the brushed treatment.  Bird codes provided in Appendix C. 
Chi-square Change p-Value Chi-square Change p-Value Chi-square Change p-Value
REVI 27.90 + < 0.01 5.15 + 0.02 0.10 ns 0.75
RBNU 2.86 ns 0.09 1.68 ns 0.19 0.84 ns 0.36
NAWA 0.35 ns 0.55 1.27 ns 0.26 1.37 ns 0.24
CSWA 100.77 + < 0.01 21.24 + < 0.01 < 0.01 ns 0.95
PIWA 22.64 + < 0.01 8.41 + < 0.01 1.73 ns 0.19
MOWA 0.80 ns 0.37 7.37 + < 0.01 0.59 ns 0.81
OVEN 4.46 + 0.03 0.23 ns 0.63 0.50 ns 0.82
AMRE 67.33 + < 0.01 0.59 ns 0.44 8.10 + < 0.01
CHSP 4.15 + 0.04 14.69 + < 0.01 1.40 ns 0.24
Time Overstory Treatment Understory TreatmentBird Species
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Figure 1. Conceptual representation of the unharvested control and three overstory 
treatments. 
 
 
Figure 2.  Conceptual representation of the modified survey transect used to census 
birds. 
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Figure 3.  Vegetation variables included in analysis, separated by year and overstory 
treatment.  CL = control; DT = dispersed; SG = small gap; LG = large gap.  
Connecting lines do not represent continuous data, but serve as a visual cue.
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Figure 4.  Differences in bird abundance, richness, and diversity across treatments 
and among years.  Letters represent within-year, between-treatment significance (P 
≤ 0.05).  Error bars are the standard error.  
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Figure 5.  Graphs of nesting guilds (A) abundance per hectare, and (B) richness per 
hectare, and foraging guilds (C) abundance per hectare, and (D) richness per ha.   
Upper case lettering signifies differences between guilds within a particular overstory 
treatment.  Lower case lettering signifies differences between overstory treatments 
within a particular guild class.  Colored lines indicate upper and lower confidence 
limits. 
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Figure 6.  Graph of foraging guild understory treatment richness per hectare.  Upper 
case lettering signifies differences between guild classes within an understory 
treatment.  Lower case lettering signifies differences between understory treatments 
within an overstory treatment.  Colored lines indicate upper and lower confidence 
limits.
Aa
Aa Ca
Ba
Aa
Aa Ca
Ba
0 0.5 1 1.5 2 2.5
Richness (species/ha)
Aerial
Bark
Foliage
Ground
U
nb
ru
sh
ed
Br
us
he
d
86 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7.  Non-metric multidimensional scaling (NMS) analysis displaying variation in 
bird community composition (2009 bird data) and associated vegetation 
characteristics (2008 vegetation data) between overstory treatments (blue and red 
groups) and unharvested controls (green group), and variation in those 
characteristics between block 4 overstory harvest treatments (red group) and 
overstory harvest treatments from blocks 1, 2, and 3 (blue group).  The red group 
also contains a single large gap treatment from block 1.  Each triangle represents a 
study site, with lettering indicating the overstory treatment or unharvested control 
(understory treatments are not labeled).
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Figure 8.  Graphical representation of non-metric multidimensional scaling (NMS) 
results for each overlaid vegetation variable (2008 vegetation data).  Placement of 
each triangle within each graph is the same as in Figure 9.  Within a graph, larger 
triangles correspond to larger values at a given experimental treatment location. 
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Figure 9.  Graphical representation of non-metric multidimensional scaling (NMS) 
results for each bird species (2009 bird data).  Placement of each triangle within 
89 
 
 
each graph is the same as in Figure 9.  Within a graph, larger triangles correspond 
to larger values at a given experimental treatment location. 
 
 
Figure 10.  Non-metric multidimensional scaling (NMS) analysis from 2003 and 2012 
survey seasons showing variation in avian community composition among the 
different overstory treatments and unharvested controls.  Bird codes provided in 
Appendix C. 
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Figure 11.  Modeled proportional use of harvest-created gaps/gap edges by species.  
LG BR = large gap brushed; LG UB = large gap unbrushed; SG BR = small gap 
brushed; SGUB = small gap unbrushed (gap refers to the overstory treatment, while 
brushed/unbrushed references the understory treatment).   
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Figure 11. (continued) 
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APPENDIX A.  Data sheet example from 2012 bird census.
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APPENDIX B.  Tree species recorded during vegetation surveys in 2003 and 2008. 
 
 
 
2003 2008
Red pine (Pinus  resinosa ) Conifer 42.80 42.77
Northern red oak (Quercus  rubra ) Deciduous 14.81 14.86
Paper birtch (Betula  papyrifera ) Deciduous 12.89 12.88
Balsam fir (Abies balsamea ) Conifer 11.48 11.47
White pine (Pinus  strobus ) Conifer 6.25 6.26
Trembling aspen (Populous  tramuloides ) Deciduous 4.05 4.05
Red maple (Acer  rubrum ) Deciduous 3.17 3.17
Big-toothed aspen (Populous  grandidentata ) Deciduous 2.66 2.66
Jack pine (Pinus  banksiana ) Conifer 0.87 0.86
Bur oak (Quercus  macrocarpa ) Deciduous 0.29 0.29
White spruce (Picea  glauca ) Conifer 0.29 0.29
Alder spp. (Alnus  spp. ) Deciduous 0.19 0.19
Pin cherry (Prunus  pensylvanica ) Deciduous 0.06 0.06
Black cherry (Prunus  serotina ) Deciduous 0.05 0.05
Choke cherry (Prunus  virginiana ) Deciduous 0.05 0.05
American basswood (Tilia  americana ) Deciduous 0.02 0.02
American Elm (Ulmus  americana ) Deciduous 0.01 0.01
Balsam poplar (Populous  balsamifera ) Deciduous 0.01 0.01
Black spruce (Picea  mariana ) Conifer 0.01 0.01
Mountain maple (Acer  spicatum ) Deciduous 0.01 0.01
Pin oak (Quercus  palustris ) Deciduous 0.01 0.01
ClassificationTree species % of total observations
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APPENDIX C.  Bird species and associated species codes, indicating detection within the effective sampling area (5 
ha) by year.  ST = shrub or tree; G = ground; C = cavity; A = aerial; B = bark gleaner; F = foliage gleaner. 
 
2003 2005 2007 2009 2011 2012
Mallard (Anas  platyrhynchos ) MALL G O X X
Turkey Vulture (Cathartes  aura ) TUVU O O X X
Bald Eagle (Haliaeetus  leucocephalus )b BAEA ST O X X X X
Red-tailed Hawk (Buteo  jamaicensis ) RTHA ST O X
Sharp-shinned Hawk (Accipiter  striatus ) SSHA ST A X X X
Broad-winged Hawk (Buteo  platypterus ) BWHA ST A X
Ruffed Grouse (Bonasa  umbellus ) RUGR G F X X X X X
Wilson's Snipe (Gallinago  delicata ) COSN G G X
Common Nighthawk (Chordeiles  minor ) CONI G A X
Ruby-throated Hummingbird (Archilochus  colubris ) RTHU ST A X X X X X
Northern Flicker (Colaptes  auratus )a NOFL C G X X X X X
Yellow-bellied Sapsucker (Sphyrapicus  varius ) YBSA C B X X X X X X
Downy Woodpecker (Picoides  pubescens ) DOWO C B X X X X
Hairy Woodpecker (Picoides  villosus ) HAWO C B X X X X X X
Black-backed Woodpecker (Picoides  arcticus )b BBWO C B X X X X X
Pileated Woodpecker (Dryocopus  pileatus ) PIWO C B X X
Olive-sided Flycatcher (Contopus  cooperi )a OSFL ST A X X X
Eastern Wood-Pewee (Contopus  virens )a EAWP ST A X X X X X X
Alder Flycatcher (Empidonax  alnorum ) ALFL ST A X
Least Flycatcher (Empidonax  minimus ) LEFL ST A X X X X X X
Great Creasted Flycatcher (Myiarchus  crinitus ) GCFL C A X X X
Yellow-throated Vireo (Vireo  flavifrons ) YTVI ST F X X X X
Blue-headed Vireo (Vireo  solitarius ) BHVI ST F X X X X X X
Red-eyed Vireo (Vireo  olivaceus ) REVI ST A X X X X X X
Blue Jay (Cyanocitta  cristata ) BLJA ST G X X X X X X
Gray Jay (Perisoreus  canadensis ) GRJA ST G X X X
YearSpecies 
Code
Nest 
Guild
Forage 
Guild
Bird Species
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Appendix C. (continued) 
 
2003 2005 2007 2009 2011 2012
American Crow (Corvus  brachyrhynchos ) AMCR ST G X X X
Common Raven (Corvus  corax ) CORA ST G X X X X X X
Black-capped Chickadee (Poecile  atricapillus ) BCCH C F X X X X X X
Brown Creeper (Certhia  americana ) BRCR ST B X X X X X
White-breasted Nuthatch (Sitta  carolinensis ) WBNU C B X X X
Red-breasted Nuthatch (Sitta  canadensis ) RBNU C B X X X X X X
House Wren (Troglodytes  aedon ) HOWR C F X
Golden-crowned Kinglet (Regulus  satrapa ) GCKI ST F X X
Ruby-crowned Kinglet (Regulus  calendula ) RCKI ST F X
Eastern Bluebird (Sialia  sialis ) EABL C G X X X
Wood Thrush (Hylocichla  mustelina )a WOTH ST G X X
Veery (Catharus  fuscescens )a VEER ST F X X X X X X
Hermit Thrush (Catharus  guttatus ) HETH G G X X X X X X
American Robin (Turdus  migratorius ) AMRO ST G X X X X X X
Gray Catbird (Dumetella  carolinensis ) GRCA ST G X
Cedar Waxwing (Bombycilla  cedrorum ) CEDW ST F X X X X X X
Golden-winged Warbler (Vermivora  chrysoptera )a GWWA G F X X X X X
Tennessee Warbler (Oreothlypis  peregrina ) TEWA G F X X X X X
Nashville Warbler (Oreothlypis  ruficapilla ) NAWA G F X X X X X X
Northern Parula (Setophaga  americana ) NOPA ST F X X X X
Chestnut-sided Warbler (Setophaga  pensylvanica ) CSWA ST F X X X X X X
Cape May Warbler (Setophaga  tigrina ) CMWA ST F X X X X
Magnolia Warbler (Setophaga  magnolia ) MAWA ST F X X
Yellow-rumped Warbler (Setophaga  coronata ) YRWA ST F X X X X X X
Black-and-white Warbler (Mniotilta  varia ) BAWW G B X X X X X X
Black-throated Blue Warbler (Setophaga  caerulescens )b BTBW ST F X
Blackburnian Warbler (Setophaga  fusca ) BLBW ST F X X X X X X
Black-throated Green Warbler (Setophaga  virens ) BTNW ST F X X X X X X
Bay-breasted Warbler (Setophaga  castanea )b BBWA ST F X X X
Blackpoll Warbler  (Setophaga  striata ) BPWA ST F X X X X
Bird Species Species 
Code
Nest 
Guild
Forage 
Guild
Year
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Appendix C. (continued) 
 
2003 2005 2007 2009 2011 2012
Pine Warbler (Setophaga  pinus ) PIWA ST F X X X X X X
Palm Warbler (Setophaga  palmarum ) PAWA G G X
Yellow Warbler (Setophaga  petechia ) YWAR ST F X X
Mourning Warbler (Geothlypis  philadelphia ) MOWA G F X X X X X X
Canada Warbler (Cardellina  canadensis )a CAWA G A X X X
Ovenbird (Seiurus  aurocapilla ) OVEN G G X X X X X X
Common Yellowthroat (Geothlypis  trichas ) COYE ST F X X X X X X
American Redstart (Setophaga  ruticilla ) AMRE ST F X X X X X X
Scarlet Tanager (Piranga  olivacea )a SCTA ST F X X X X X X
Eastern Towhee (Pipilo  erythrophthalmus ) EATO G G X X
Chipping Sparrow (Spizella  passerina ) CHSP ST G X X X X X X
Song Sparrow (Melospiza  melodia ) SOSP ST G X X
White-throated Sparrow (Zonotrichia  albicollis ) WTSP G G X X X X X X
Dark-eyed Junco (Junco  hyemalis ) DEJU G G X
Rose-breasted Grosbeak (Pheucticus  ludovicianus ) RBGR ST F X X X X X X
Indigo Bunting (Passerina  cyanea ) INBU ST G X X X
Common Grackle (Quiscalus  quiscula ) COGR ST G X
Brown-headed Cowbird (Molothrus  ater ) BHCO ST G X X
Purple Finch (Haemorhous  purureus ) PUFI ST F X X X X X X
Red Crossbill (Loxia  curvirostra ) RECR ST O X X
Pine Siskin (Spinus  pinus ) PISI ST F X X
American Goldfinch (Spinus  tristis ) AMGO ST G X X X
Evening Grosbeak (Coccothraustes  vespertinus )a EVGR ST G X X X X
Forage 
Guild
Year
b Listed as a regionally sensitive species (US Forest Service, 2008)
a Identified as a species of regional concern (PIF, 2012).
Bird Species Species 
Code
Nest 
Guild
  
97 
 
 
APPENDIX D.  Explanatory variables used for community-level and individual species analysis. 
 
 
 
 
 
 
Explanatory Variables Levels Use
Establishment 2003, all other years Continuous
Change over time 2003, 2005, 2007, 2009, 2011, 2012 Continuous
Block 1, 2, 3, 5 Categorical
Overstory treatments Control, Dispersed, Large Gap, Small Gap Categorical
Understory treatments Brushed, Unbrushed Categorical
Change over time* overstory treatments N/A N/A
Overstory* Understory treatments N/A N/A
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APPENDIX E.  Explanatory variables used for guild analysis. 
 
Explanatory Variables Levels Use
Establishment 2003, all other years Continuous
Change over time 2003, 2005, 2007, 2009, 2011, 2012 Continuous
Block 1, 2, 3, 5 Categorical
Guild Nesting, Forage Categorical
Overstory treatments Control, Dispersed, Large Gap, Small Gap Categorical
Understory treatments Brushed, Unbrushed Categorical
Overstory treatment*guild N/A N/A
Understory treatment*guild N/A N/A
Overstory*understory treatment N/A N/A
Change over time*guild N/A N/A
Change over time*overstory treatment N/A N/A
Change over time*overstory treatment*guild N/A
Change over time*understory treatment*guild N/A N/A
Overstory*understory treatment*guild N/A N/A
99 
 
 
CHAPTER 3.  EFFECTS OF PRESCRIBED FIRE AND MECHANICAL 
UNDERSTORY BRUSHING ON AVIAN COMMUNITY RESPONSE IN A 
MANAGED RED PINE FOREST 
Abstract: Where management goals in forest ecosystems include the maintenance 
of biodiversity, understanding the response of wildlife to silvicultural techniques that 
attempt to approximate natural disturbance regimes is important.  In 2012 I surveyed 
forest birds in managed red pine (Pinus resinosa) forest stands in northern 
Minnesota that were subject to either prescribed fire or mechanical understory 
brushing treatment following overstory thinning and compared each to a control (no 
management).  Community-level abundance and richness values were higher at 
thinned and burned or brushed stands then at unharvested control stands; no 
differences were found between understory treatments (thinned and burned versus 
thinned and brushed).  Least Flycatcher was common among both treatments and 
controls while Ruffed Grouse and Spruce Grouse occurred in higher abundance in 
prescribed burn stands.  Chestnut-sided Warbler was the most abundant species 
among thinned treatment stands.  Future research that is longer in duration and 
more fully controls for confounding factors may better detect species-level 
responses between understory silvicultural techniques.   
Key words: retention harvest; prescribed fire; songbirds; forest restoration. 
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INTRODUCTION 
In many northern Minnesota forests, fire was the principal disturbance 
mechanism prior to European settlement in the mid-1800s (Heinselman 1973).  
Since then fire has been replaced by timber harvest as the predominant form of 
stand disturbance throughout this area (Frelich 1995, Heinselman 1996, Schulte et 
al. 2007).  While both agents of disturbance result in early-successional habitats, 
timber harvest does not regenerate the same level of forest structural complexity as 
that associated with fire disturbance (Heinselman 1973, Hutto 1995, Schulte et al. 
2007).        
In managed forests, mechanical removal of the understory has been 
incorporated specifically as a means of emulating surface fire disturbance (Palik et 
al. 2003).  Although studies have documented the response of other wildlife to 
different disturbance mechanisms (i.e., mechanical understory removal versus fire; 
Converse et al. 2006; Greenberg et al. 2006; Greenberg and Waldrop 2008), little 
information exists comparing bird response to understory treatment (Greenberg et 
al. 2007).   
Habitat selection in birds is influenced by the structure and composition of 
vegetation (MacArthur and MacArthur 1961, Willson 1964, Whelan 2001).  The 
importance of fire in maintaining avian community assemblages has been a focus of 
research in managed forests (Hutto 1995; Schulte and Niemi 1998; Hobson and 
Schieck 1999; Kotliar et al. 2002; Nappi et al. 2004; Greenberg et al. 2007; Hutto 
2008).  In forest systems, plant communities have been shown to respond differently 
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to both the level and type of stand disturbance (Dolan and Parker 2004; Halpern et 
al. 2005; Macdonald and Fenniak 2007, Halpern et al. 2012).  Therefore, continued 
research on the response of birds to understory disturbance is needed before sound 
recommendations can be made to forest managers.   
This study evaluated songbird community response to thinning and post-
harvest mechanical understory removal and prescribed fire.  My objective was to 
determine if the post-harvest understory disturbance method influenced the avian 
community.  Specifically, I hypothesize that stands where prescribed fire occurred 
will have higher abundance and richness than those where mechanical understory 
removal was implemented.  I base my hypothesis on the understanding that fire—
even prescribed—should create more within stand variation than mechanical under-
brushing and thereby provide an increased number of niches.  
METHODS 
Study Site 
 I carried out this study in 2012 on the Chippewa National Forest in northern 
Minnesota.  The study occurred on sites where heavy thinning occurred and was 
followed by either prescribed fire or mechanical understory brushing to control 
largely woody shrub vegetation.  Sites that were mechanically brushed were part of 
an experimental study and were arranged in a randomized block design (see 
chapter 2 methods section for a complete description of brushed stands).  Sites 
where prescribed fire was used following thinning are located approximately 11-km 
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south-southwest of brushed sites on the west edge of Six Mile Lake.  National forest 
records indicate that prescribed fire stands are between 72 and 79 years old.  
Thinning occurred during 2003 and 2004 and was best described as a thinning-from-
below where trees from the smallest end of the diameter distribution were removed 
preferentially until the desired stocking was achieved.  Red pine trees were favored 
in the thinnings.  Information on pre-harvest basal area was not available, but stump 
measurements may be taken during 2013 sampling period to obtain this value.  
Approximately 95% of total basal area was composed of red pine (Pinus resinosa), 
while red maple (Acer rubrum), big-tooth aspen (Populus grandidentata), quaking 
aspen (Populus tremuloides), red oak (Quercus rubra), white pine (Pinus strobus), 
and American hornbeam (Carpinus caroliniana) occurred in smaller amounts (from 
4.0-0.2% respectively; Fig. 1). 
 To minimize differences between the brushed and burned stands I chose 
prescribed burn treatment sites that most closely approximated the existing brushed 
sites; I used stand age, size, time since harvest, pattern of harvest, burn severity, 
and proximity to existing brushed sites to make the selection.  I selected four stands 
that averaged just less than 15 ha in size.  Selected stands appeared to have 
evenly-spaced retained trees resembling a shelterwood cut, although a few natural 
canopy gaps were present as well.  Basal area across the four stands averaged 25.6 
per hectare and ranged from 17.4 to 33.5 per hectare, partially due to measurement 
points that fell in natural canopy gaps.  All stands selected appeared visually similar 
in burn severity, which can be described as low severity with burn scars extending 
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between five and ten feet up tree stems.  I compared the prescribed fire stands 
(hereafter “burned”) to dispersed overstory retention (hereafter “brushed”) stands 
and then compared each to an unharvested, unbrushed control associated with the 
Red Pine Retention Experiment (chapter 2).  I chose the dispersed overstory 
retention treatment with understory brushing as an analogous comparison to 
minimize the effect of differences in the overstory spatial retention patterns, allowing 
a more robust comparison of understory treatments.  Comparisons to the 
unharvested, unbrushed control were made to show differences between 
management and no management options.    
Vegetation Sampling 
 Within each burned stand I and an assistant established a 100 m by 150 m 
rectangular transect (described in full below) to conduct avian surveys.  Within each 
bird transect we recorded overstory, shrub, and ground-layer vegetation 
measurements at six locations (and recorded GPS locations).  I chose each 
sampling location by starting at one corner of a transect and pacing 25 m along the 
150 m transect side, noting the azimuth.  From there I turned 90̊ inward and paced 
25 m to my first vegetation survey point.  From this point, to get to the next point I 
would pace 50 m using the azimuth from the 150 m transect side.  Once I reached 
the third sample point I would be 25 m from the opposite transect corner (along the 
150 m transect side).  I would then rotate 90̊, adjust the compass and pace 50 m to 
the next point (along the 100 m transect side).  This was continued until six plots 
were located and measured.   
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From the center point of each established vegetation plot I recorded the 
following measurements: all standing trees within a 16.1 m radius greater than 10 
cm diameter at breast height (dbh) were measured and recorded by species (a tree 
on the edge was considered “in” if more than half of the tree was within the 16.1 m 
radius).  Additionally, I recorded whether a measured tree was alive or dead.  
Standing trees less than 10 cm dbh but greater than 2.5 cm were recorded to 
species and tallied.  At each survey point I recorded all shrub and regenerating tree 
species (hereafter shrubs) greater than one meter in height and less than 2.5 cm 
dbh within a 1.26 m radius plot located at the center of the tree plot.  Ground layer 
vegetation was estimated using a 1 m by 1 m square plot, taking two measurements 
at each survey location.  At each survey location I walked seven paces in opposite 
directions from the center point and randomly placed the square plot on the ground.  
Using eight categories (forbes, graminoides, bryophytes, ferns, shrubs, hardwood, 
conifer, and woody debris), I estimated the percent of surface area within each 
square plot plants (or material in the case of woody debris) within each category 
occupied.  I recorded data using the following percent cover classes: none present, 
< 1%, 1-5%, 6-15%, 16-30%, 31-60%, and 61-100%.    
Bird Sampling 
 Diurnal breeding birds were surveyed in 2012 by me and an assistant.  
Surveys lasted no longer than four hours after day break, beginning one-half hour 
before dawn on days of adequate weather conditions (i.e., no rain, little wind, 
adequate temperature; Blake et al. 1991).  Birds were surveyed three times during 
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the breeding season (May to mid-June) using a modified version of standard 
transect methodology (Ralph et al. 1993).  At each fire stand I established a 100 m 
by 150 m rectangular transect by tying colored plastic flagging to tree trunks that fell 
along the determined transect.  I spatially located and recorded all birds seen or 
heard singing within 50 m of either side of the transect, creating an effective 
sampling area of 5 ha (as was done on the brushed sites).  Individuals seen or heard 
beyond 50 m were recorded but excluded from analysis.  During transect 
establishment I attempted to maintain a 100 m buffer on all four sides, but this was 
not possible for a few transects due to the linear nature of the stands.  I walked 
transects at a pace of 1 km/h (~30 min/transect).  I altered the order of visitation to 
account for hourly variation in bird activity (Blake et al. 1991). 
Statistical Analysis 
 I analyzed avian community response among the three treatments using 
observations within 50 m of each transect (creating a 5 ha sampling area).  I 
analyzed community data using the maximum number of individuals recorded for 
each species over the three sampling periods at each transect location.  Unknown 
observations were grouped (e.g., unknown sparrow; unknown warbler) and treated 
as a single species when calculating maximum values over the three survey periods. 
I analyzed abundance, species richness, and Shannon-Weiner diversity 
response to harvest treatment using a mixed-effects ANOVA, and carried out post 
hoc multiple comparisons using the Tukey-Kramer adjustment. I preformed the 
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analysis using PROC MIXED within SAS software, version 9.3 (SAS Institute Inc. 
2010). 
Community abundance was calculated using known and unknown individuals, 
while richness and diversity measures included only known individuals.  Shannon-
Weiner diversity index is calculated using the formula H’= -∑ pi ln pi, where pi is the 
proportion of individuals belonging to species i. 
To gain a more holistic understanding of bird community response to 
treatments, I conducted Nonmetric Multidimensional Scaling (NMS) analysis using 
bird community abundance data.  I performed the analysis in PC-ORD using the 
Bray-Curtis distance measure (McCune and Mefford 2011).  Initially, I conducted 
runs using as many as six ordination axes, but found substantial reductions of stress 
were made only by the first axis.  My final run included a single axis, a randomly 
generated seed number, and a single iteration with real data.  My final solution had a 
stress value of 23.45 and a final instability of 0.00023 based on 39 iterations with 
random data.  The amount of stress in the final run was considered weakly 
satisfactory for ecological community data and the amount of variation explained 
was relatively high (r2 = 0.71).   
Although vegetation data were collected at the fire site, I did not compare my 
findings with vegetation data from the Red Pine Retention Experiment.  Vegetation 
data at experimental site were last collected in 2008, a difference of four years 
compared to the prescribed burn vegetation data.  Given the rapid response of the 
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understory layer to mechanical brushing, I did not feel that a gap of four years was 
acceptable to make statistical comparisons.    
RESULTS 
Vegetation 
 Red pine was the dominant tree species occurring at burned stands, 
accounting for approximately 95% of total basal area, with six species found in far 
lesser amounts (Fig.1).  I found the shrub layer to be dominated by beaked hazelnut 
(Corylus cornuta) and raspberry (Rubus idaeus) with lower abundance of mountain 
maple (Acer spicatum) and big-toothed aspen (Populus grandidentata) and sparse 
occurrence of seven other species (Fig. 2).  My results for the ground layer indicate 
that shrubs, grasses, and forbs were the dominant life forms covering the forest floor 
at the burned stands (Fig. 3).  Ferns and woody debris were present in lesser 
amounts, as were hardwoods, bryophytes, and conifers (Fig. 3).         
Birds 
 I recorded a total of 56 bird species (Table 1) among the three treatments 
surveyed.  Most species recorded were common to both mechanically brushed and 
prescribed fire sites, although nine species were only recorded in burned and seven 
in brushed stands (Table 2); in a comparison of managed versus unmanaged control 
stands I found 23 species and five species unique to each respective treatment 
(Table 3).   Two species considered regionally sensitive to northern Minnesota (US 
Forest Service 2008) were found only in burned (Spruce Grouse [Falcipennis 
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candadensis]) or mechanically brushed stands (Bald Eagle [Haliaeetus 
leucocephalus]).  Individuals found in the greatest abundance varied across the 
three treatments, although some overlap was found (Table 4).  Least Flycatcher was 
a more common species in all three treatments (Table 4).  Chestnut-sided Warbler 
was the most abundant species in burned and brushed stands, but did not occur in 
high numbers in control stands (Table 4).  Ruffed Grouse and Spruce Grouse were 
found in high abundances in the prescribed fire stands, but were not a common 
species in either brushed or control stands (Table 4).   
I found a difference in avian abundance (F2,9 = 22.13, P < 0.01) and richness 
(F2,9 = 10.18, P <0.01) between the three treatments, though no differences were 
evident for diversity (F2,9 = 0.53, P = 0.61).  Prescribed fire sites had higher 
abundance (8.9 birds/ha; t = 5.30, P < 0.01) and richness (1.55 species/ha; t = 4.03, 
P < 0.01) than unharvested control stands, but differences were not evident between 
brushed and burned stands for either abundance (t = 0.83, P = 0.69) or richness (t = 
0.26, P = 0.96; Fig. 4).  Brushed stands had higher abundance (10.3 birds/ha; t = 
6.13, P < 0.01) and richness (1.45 species/ha; t = 3.77, P = 0.01) than unharvested 
control stands (Fig. 4). 
In the NMS analysis, Axis 1 accounted for a reasonable amount of variation 
(r2 = 0.78).  A weak separation of unharvested control stands from brushed and 
burned stands was found, but differences between brushed and burned stands were 
less clear (Fig. 5).  Overall, NMS analysis suggests differences in community 
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composition between unharvested control and managed (burned and brushed) 
stands, but little difference between brushed and burned sites (Fig. 5). 
DISCUSSION 
 This purpose of this study was to test whether forest birds respond differently 
to a prescribed fire understory treatment than to a mechanical understory treatment.  
In general, I found that differences in bird community response between burned and 
brushed treatments in this study were negligible, though both treatments increased 
species abundance and richness relative to unharvested control stands.  Two 
important caveats regarding the interpretability of the results are discussed below.  
During my surveys in the burned I did notice some (qualitative) differences that are 
worth mentioning, and may be considered baseline information for future work 
investigating this area of research. 
Caveats 
Basal area differences between and within treatments 
 Avian community structure is influenced by the level of overstory retention 
following timber harvest (Harrison et al. 2005, Stuart-Smith et al. 2006).  Brushed 
stands were thinned to a basal area of approximately 18 m2/ha while unharvested 
control stands have a basal area of roughly 36 m2/ha, or about twice that of the 
brushed stands.  Across each stand the basal area of these two treatments 
remained consistent.  However, the basal area of prescribed burn stands varied from 
approximately 17 m2/ha to 33 m2/ha, with an average basal area of 25 m2/ha.  
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Because the level of retention was not consistent within the burned stands, and did 
not closely match brushed stands, it is not clear whether observed differences were 
the result of understory treatment differences or due to structural differences 
associated with basal area level between these two treatments.  While no 
differences were found between the burned and brushed stands, a difference 
between managed (burned or brushed) and unharvested control stands was found.  
However, it is more likely that this was due to differences in the level of retention 
than to understory treatment.  Control sites tended to have little understory 
development, whereas both treatment stands exhibited thick understory layers.   
 Prescribed stands varied in size 
 Burned stands used for this study varied greatly, from just over nine hectares 
to nearly 31 hectares in size; in contrast, both brushed and control stands were 
approximately 8 ha in size.  The size of a forest stand has been shown to influence 
the avian community assemblage (Norton et al. 2000, Schmiegelow and Mӧnkkӧnen 
2002) by altering the edge to interior habitat ratio (Villard 1998).  Although the 
burned stands generally exist within the greater forest matrix, three of the four 
stands were located at the edge of a lake while the fourth stand bordered a cleared 
area, exposing each stand to a hard edge.   
Qualitative Findings      
 While differences in the response of forest birds to post-harvest understory 
treatment were not realized at the community level, I noticed a couple differences 
111 
 
 
between stands that were subject to mechanical brushing and the prescribed burn 
stands that are worth mentioning.  In burned stands I noticed a higher abundance of 
Golden-winged Warbler (Vermivora chrysoptera) than in brushed stands.  Golden-
winged Warbler is generally associated with a well-developed understory component 
containing young aspen or areas with canopy openings (Confer et al. 2011).  
Although not a major component of the shrub layer, big-toothed aspen (Populus 
grandidentata) and trembling aspen (Populus tremuloides) were present throughout 
burned sites in smaller numbers (Fig. 2), but were rarely evident in brushed sites 
(personal observation).   
 Ruffed Grouse (Bonasa umbellus) and Spruce Grouse (Falcipennis 
canadensis), while rarely found in brushed stands occurred at relatively higher 
densities at sites where prescribed fire occurred.  I attribute the presence of Ruffed 
Grouse to the higher level of aspen proximate to surveyed stands and a thick 
understory layer present in the burned stands (Rusch et al. 2000).  The increased 
presence of Spruce Grouse at burned sites is perplexing, but may be related to a 
developed mid-story canopy at these sites (personal observation), which has been 
identified as agreeable habitat in conifer forests (Boag and Schroeder 1992). 
Conclusion 
 In summary, I was not able to detect a difference in community-level 
response attributable to the type of understory treatment utilized following timber 
harvest.  I was only able to detect differences between managed (burned and 
brushed) and unharvested control stands, which was likely due to differences in 
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basal area as opposed to understory treatment.  Several confounding factors 
between treatment stands made it difficult to identify whether the type of understory 
treatment is an important consideration when managing forests for values additional 
to timber production, such as biodiversity.  The increased abundance and number of 
species associated with managed stands compared to unharvested control stands 
suggests that each treatment method is capable of altering the structural makeup of 
the forested stand.  However, as understory treatment—and specifically prescribed 
fire versus mechanical thinning—has been identified to influence avian community 
composition (Greenberg et al. 2007), this study should be viewed as a baseline for a 
more thorough approach to understanding the impacts of forest management 
options. 
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Table 1. Bird species and associated bird code indicating detection within the effective sampling area (5 ha) at each of 
the three treatments in 2012. 
 
Bird Species Species Code Control Brushed Burned
Bald Eagle (Haliaeetus  leucocephalus )b BAEA x
Red-tailed Hawk (Buteo jamaicensis) RTHA x
Ruffed Grouse (Bonasa  umbellus ) RUGR x
Spruce Grouse (Falcipennis  candadensis )b SPGR x
Ruby-throated Hummingbird (Archilochus  colubris ) RTHU x x
Yellow-bellied Sapsucker (Sphyrapicus  varius ) YBSA x x
Northern Flicker (Colaptes  auratus )a NOFL x x x
Downy Woodpecker (Picoides  pubescens ) DOWO x x
Hairy Woodpecker (Picoides  villosus ) HAWO x x x
Black-backed Woodpecker (Picoides  arcticus )b BBWO x x
Pileated Woodpecker (Dryocopus  pileatus ) PIWO x x
Eastern Wood-Pewee (Contopus  virens )a EAWP x x x
Least Flycatcher (Empidonax  minimus ) LEFL x x x
Yellow-throated Vireo (Vireo  flavifrons ) YTVI x
Blue-headed Vireo (Vireo  solitarius ) BHVI x x x
Red-eyed Vireo (Vireo  olivaceus ) REVI x x x
Blue Jay (Cyanocitta  cristata ) BLJA x x x
American Crow (Corvus  brachyrhynchos ) AMCR x x x
Common Raven (Corvus  corax ) CORA x
Black-capped Chickadee (Poecile  atricapillus ) BCCH x x
Brown Creeper (Certhia  americana ) BRCR x x x
White-breasted Nuthatch (Sitta  carolinensis ) WBNU x
Red-breasted Nuthatch (Sitta  canadensis ) RBNU x x x
Wood Thrush (Hylocichla  mustelina )a WOTH x x x
Veery (Catharus  fuscescens )a VEER x x x
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Bird Species Species Code Control Brushed Burned
Hermit Thrush (Catharus  guttatus ) HETH x x x
American Robin (Turdus  migratorius )
Gray Catbird (Dumetella  carolinensis ) GRCA x
Cedar Waxwing (Bombycilla  cedrorum ) CEDW x x
Golden-winged Warbler (Vermivora  chrysoptera )a GWWA x
Nashville Warbler (Oreothlypis  ruficapilla ) NAWA x x
Northern Parula (Setophaga  americana ) NOPA x
Chestnut-sided Warbler (Setophaga  pensylvanica ) CSWA x x x
Cape May Warbler (Setophaga  tigrina ) CMWA x
Yellow-rumped Warbler (Setophaga  coronata ) YRWA x
Black-and-white Warbler (Mniotilta  varia ) BAWW x x x
Blackburnian Warbler (Setophaga  fusca ) BLBW x x x
Black-throated Green Warbler (Setophaga  virens ) BTNW x x x
Bay-breasted Warbler (Setophaga  castanea )b BBWA x x
Blackpoll Warbler (Setophaga  striata ) BPWA x
Pine Warbler (Setophaga  pinus ) PIWA x x x
Yellow Warbler (Setophaga  petechia ) YWAR x
Mourning Warbler (Geothlypis  philadelphia ) MOWA x x
Canada Warbler (Cardellina  canadensis )a CAWA x
Ovenbird (Seiurus  aurocapilla ) OVEN x x x
Common Yellowthroat (Geothlypis  trichas ) COYE x x
American Redstart (Setophaga  ruticilla ) AMRE x x x
Scarlet Tanager (Piranga  olivacea )a SCTA x x
Chipping Sparrow (Spizella  passerina ) CHSP x x x
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Table 1. (Continued) 
Bird Species Species Code Control Brushed Burned
Song Sparrow (Melospiza  melodia ) SOSP x
White-throated Sparrow (Zonotrichia  albicollis ) WTSP x x
Rose-breasted Grosbeak (Pheucticus  ludovicianus ) RBGR x x x
Indigo Bunting (Passerina  cyanea ) INBU x x
Purple Finch (Haemorhous  purureus ) PUFI x x
Red Crossbill (Loxia  curvirostra ) RECR x x
American Goldfinch (Spinus  tristis ) AMGO x x
a Identified as a species of regional concern (PIF, 2012).
b Listed as a regionally sensitive species (US Forest Service, 2008)
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Table 2.  List of bird species occurring solely in either mechanically brushed stands 
or prescribed burn stands.   
 
Prescribed Fire Mechanical Brushing
Bird species Ruffed Grouse Bald Eagle
Spruce Grouse Pileated Woodpecker
Black-backed Woodpecker Nashville Warbler
White-breasted Nuthatch Cape May Warbler
Yellow-throated Vireo Yellow Warbler
Gray Catbird Scarlet Tanager
Golden-winged Warbler Red Crossbill
Canada Warbler
Song Sparrow
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Table 3.  List of bird species occurring in either managed (prescribed fire or 
understory brushed stands) or unmanaged (control) stands. 
 
 
 
 
 
 
Management No Management
Species Bald Eagle Red-tailed Hawk
Ruffed Grouse Common Raven
Spruce Grouse Northern Parula
Ruby-throated Hummingbird Yellow-rumped Warbler
Yellow-bellied Sapsucker Blackpoll Warbler
Downy Woodpecker
Yellow-throated Vireo
Black-capped Chickadee
White-breasted Nuthatch
Gray Catbird
Cedar Waxwing
Golden-winged Warbler
Cape May Warbler
Bay-breasted Warbler
Yellow Warbler
Mourning Warbler
Canada Warbler
Common Yellowthroat
Song Sparrow
White-throated Sparrow
Indigo Bunting
Purple Finch
American Goldfinch
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Table 4.  List of the top five bird species occurring in each treatment.  An asterisk (*) 
preceding a bird name indicates a tie with the above-listed species in rank.  
Unharvested control lists the top four birds due to numerous ties at low abundance. 
 
 
 
Figure 1.  Tree species proportion of total basal area at prescribed fire stands.  PIRE 
= red pine, ACRU = red maple, POGR = big-toothed aspen, BEPA = paper birch, 
QURU = red oak, PIST = white pine, CACA = hornbeam.
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Species Ovenbird Chestnut-sided Warbler Chestnut-sided Warbler
Pine Warbler American Redstart Least Flycatcher
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*Hermit Thrush Cedar Waxwing American Redstart
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Figure 2.  Abundance values (per hectare) of shrub species recorded at prescribed 
fire stands.  COCO = beaked hazelnut, POGR = big-toothed aspen, PRSE = black 
cherry, RUFR = blackberry, HOSP = honeysuckle species, SOAM = mountain ash, 
ACSP = mountain maple, ZAAM = northern prickly ash, POTR = quaking aspen, 
ACRU = red maple, RUID = red raspberry. 
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Figure 3.  Vegetation classification values for average ground layer vegetation at the 
prescribed fire stands, grouped according to life forms.  0 = non present; 1= < 1%; 2 
= 1-5%, 3 = 6-15%; 4 = 16-30%; 5 = 31-60%; 6 = 61-100%. 
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Figure 4.  Differences in bird (A) abundance, (B) richness, and (C) diversity across 
the three treatments.
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Figure 5.  Non-metric multidimensional scaling (NMS) analysis showing variation in 
bird community composition among the mechanically brushed and prescribed burn 
treatments. 
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CHAPTER 4.  GENERAL CONCLUSIONS 
The response of birds to structural enhancement of managed forestland 
through variable retention harvesting—We identified 79 bird species across the six 
breeding seasons where surveys were conducted as part of the red pine complexity 
study.  Across survey years American Redstart (setophaga ruticilla) and Chestnut-
sided Warbler (Setophaga pensylvanica) were the two most common species 
observed. 
 Our results indicate that through ten years following overstory retention 
harvest the avian community continued to increase in abundance and richness.  
Many studies on the response of birds to overstory retention harvesting have 
reported initial community declines in species abundance and richness, particularly 
with forest interior habitat species (Norton and Hannon 1997, Chambers et al. 1999, 
Schieck and Hobson 2000, Lance and Phinney 2001, Leupin et al. 2004, Harrison et 
al. 2005, Preston and Harestad 2007).  While longer-term analysis suggests that 
many birds may benefit from retention harvesting, my analysis does not include 
information on preharvest avian community structure and therefore may be an 
oversimplified examination of a more complex ecological response. 
 Guild analysis revealed a lack of snag-dependent species throughout 
experimental blocks, likely related to the low abundance of large-sized snags 
throughout the same area (Mannan et al. 1980).  As an example, Hutto and Gallo 
(2006) found lower abundances of cavity-dependent species where snags were 
salvage-logged following a natural fire disturbance.  Efforts to enhance the 
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complexity of managed forests should consider targeted efforts to promote and 
manage snags. 
 My analysis revealed that individual species use harvest-created gaps and 
gap edges, and that use of these areas is influenced by both overstory and 
understory treatments.  I found species using gap and gap edge areas tended to be 
early-successional or shrubby habitat species, while forest interior species avoided 
these areas.  Although overstory retention harvesting is increasingly being 
implemented within managed forests worldwide (Gustafsson et al. 2012), this is the 
first study that I am aware of to report bird species use of gaps and gap edges 
created through harvesting.  Importantly, these findings highlight that the spatial 
distribution of retained trees, as well as the enhanced structural complexity created 
as a result are important considerations for maintaining biodiversity in managed 
forests. 
 This study also shows the influence of vegetation composition on forest bird 
species distribution and offers insight for ecologists and forest managers concerning 
the benefits of a more complex forest system.  Several species found regularly in all 
but one block appeared to associate with vegetation attributes found at the majority 
of blocks, but reduced at the block where the bird species only seldom occurred.  In 
particular, a developing deciduous component appears to be of particular 
importance for some species in these mature pine stands, and past research has 
shown deciduous vegetation to be correlated with increased songbird richness 
(Betts et al. 2010).  In areas such as this study where conifers are the dominant tree 
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group, maintaining the small but important natural deciduous component may aid in 
providing important habitat for forest birds. 
 Comparing prescribed fire to mechanical understory brushing following timber 
harvest—My results from this study highlight the importance of minimizing 
confounding factors through careful study site selection.  Although study stands 
were approximately the same age and were thinned only one year apart, the amount 
of overstory retention differed, making it difficult to attribute any divergence in avian 
community composition to the effect of post-harvest treatment.  Previous research 
on bird response to understory treatments found differences between prescribed fire 
and mechanical understory brushing (Greenberg et al. 2007).  Although I was not 
able to report any meaningful results on bird response to these treatments, my 
research highlights the importance of future research on the response of forest birds 
to post-harvest understory treatments, particularly in areas such as northern 
Minnesota where fire was a significant disturbance component (Heinselman 1971, 
Heinselman 1981). 
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APPENDIX 
 During the breeding season in 2012 I, along with a research assistant, 
conducted songbird nest searching and monitoring at a red pine (Pinus resinosa) 
experiment site, which is part of a broader Red Pine Ecosystem Complexity study on 
the Chippewa National Forest in northern Minnesota.  To maximize the level of 
inference and searching efforts, I focused on two songbird species, American 
Redstart (Setophaga ruticilla) and Chestnut-sided Warbler (Setophaga 
pensylvanica), due to the dominance of these two species.  After searching multiple 
treatment sites I focused on a single treatment location (block 3, dispersed retention 
with understory brushing [see chapter 2 methods]) because of the prevalence of 
American Redstarts.  Searching was conducted by focusing on a 5 ha area used as 
part of another study (see chapter 2).  Nests were located by first locating a singing 
male and observing his behavior and movement patterns in order to estimate the 
territory being defended.  Once a territory was estimated we would begin visibly 
searching for a female Redstart.  Once a female was observed we would maintain 
visual contact until a nest was discovered.  After waiting for the female to leave the 
nest area I would approach the nest, using caution to minimize the amount of 
vegetation I disturbed thereby reducing the presence of a noticeable pathway.  At 
the nest I recorded the date and time, development of the nest, whether any eggs or 
hatchlings were present, the vegetative species the nest was located on, and the 
estimated height of the nest (Fig. 1).  Upon locating a nest I would revisit the nest 
every two or four days, recording the presence of adult birds and their activity (e.g. 
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female on nest, male singing).  If a female was sitting on a nest, I would not disturb 
the nest in order to reduce the likelihood of predation.  If no adult was present I 
would approach the nest from a different route than that of previous visits, and 
record any nest activity (i.e. the number of eggs and/or nestlings).  I visited each 
located nest until either predation occurred or the nestlings fledged. 
 I found 19 total songbird nests, 16 of which were American Redstart nests 
(Table 1).  Of the 16 American Redstart nests located, 12 were located at a single 
treatment location (block 3, dispersed retention, brushed treatment).  Of the 12 nests 
located at the dispersed retention stand, five nests successfully fledged 16 young 
(out of 20 eggs; Table 1).  Eight American Redstarts nested in young oak (Quercus 
spp.) trees (seven in northern red oak [Quercus rubra] and one in a bur oak 
[Quercus macrocarpa]) at an average height of 1.6 m (SE = 0.26).  Two American 
Redstart nests were located in young red maple (Acer rubrum) trees and 2 were 
located in beaked hazelnut shrubs (Corylus cornuta). 
 I recorded a total of seven nests at other treatment locations, and at different 
experimental blocks (Table 1) belonging to three bird species.  The seven nests 
occurred in seven different tree or shrub species, and tended to be located close to 
the ground (Table 1).   
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Table 1.  Documented nests at red pine experimental stands.  Nest code is broken down as follows: treatment block; 
overstory treatment (D = dispersed retention, S = small gap aggregate retention); understory treatment (B = understory 
brushed, U = unbrushed understory); nest number (e.g. 3DB1 = block 3, dispersed retention with understory brushing, 
first nest located).  Eggs = number of eggs found; Hatchlings = number of hatchlings recorded; Fledged = number of 
young that fledged.  * indicates that a nest failed due to a severe storm event, as opposed to predation. 
 
 
 
Species Nest Eggs Hatchlings Fledged Nesting Tree Nest Height (m)
American Redstart 3DB1 1 0 0 Red Oak 1
American Redstart 3DB2 5 3 3 Red Maple 2.5
American Redstart 3DB4 0 0 0 Red Oak 2
American Redstart 3DB5 4 3 0 Red Oak 2
American Redstart 3DB6 4 3 3 Red Maple 2.5
American Redstart 3DB7 4 4 0 Beaked Hazelnut 0.5
American Redstart 3DB8 3 0 0 Burr Oak 2
American Redstart 3DB9 4 0 0 Red Oak 1
American Redstart 3DB10 4 3 3 Red Oak 0.75
American Redstart 3DB11 4 4 4 Red Oak 1
American Redstart 3DB12 4 0 0 Beaked Hazelnut 0.5
American Redstart 3DB13 3 3 3 Red Oak 3
American Redstart At Block 3 Dispersed Retention Brushed Understory Treatment
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Table 1. (continued) 
Species Nest Eggs Hatchlings Fledged Nesting Tree Nest Height (m)
American Redstart 1SU1 2 1 0 Paper Birch 1.5
American Redstart 1SU2 1 0 0 Beaked Hazelnut 1.5
American Redstart 3SU1 0 0 0 Yellow Birch 3
Chestnut-sided Warbler 3DB1 2 0 0 Bracken Fern and Raspberry 0.5
American Redstart 2SB1 3 3 3 Red Oak 1.5
Chestnut-sided Warbler 3DB2 4 4 4 Beaked Hazelnut 0.5
Red-eyed Vireo 3SU1 3 3 *0 Willow 1
Other Monitored Nests
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Figure 1.  Data sheet used to document nest monitoring information.
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